
.'L

NF.APeTERMHYBRID 'VEHICLEPROGRAM ++i +., +
',r,+ r"_+L '_ +

. FINAL REPOHT -- PHAIE I
o"

t
' _.,..x s - oe,_gnTrade.O,_ _

- ,, VolummIII--Coflqlu!gxPTogmm Ll_lln_p



i NEAR-TERM HYBRID VEHICLE PROGRAM

I FINAL REPORT -- PHASE I
I

Appendix B .-- Design Trade.Off Studies Report

o'i, Volume III -- Computer Program Listings

:1
!1

1_ Contract No. 955190

_il Submitted toJet PropulsionLaboratory

_i!1 California Institute of Technology

ill'if! 4800 Oak Grove Drive
Pasadena, California 91103

"i

Submitted by

General Electric Company °
CorporateResearch and Development

Schenectady, New York 12301

October 8, 197(.

,_ii_iill G_NERAL0 EI.ECTRIC

00000001-TSAOg



-_,,-,+_._ _:,:::_' -------_.___-_+._j_........L+,,+............L-..+._L£_.....................L,_++,_ " - :_ _

: + ,

_.' _,t1

' ,,._ GENERAL_ ELEClfRIIC
: L_I
+,'!!_

" '_°i FOREWORD

!i!i__i!:! The Electric and Hybrid Vehicle (EHV) Program was established

'-,, in DOE in response to the Electric and Hybrid Vehicle Research, De-!;/+I
velopment, and Demonstration Act of 1976. Responsibility for _he

_!,t

ii{+_ EHV Program resides in the Office of Electric and Hybrid Vehicle:i:_:i, Systems of DOE. The Near-Term Hybrid Vehicle (NTHV) Program is an
_iii"'"i_ element of the EHV Program. DOE has assigned procurement and man-

agement responsibility for the Near-'ferm Hybrid Vehicle Program to

r'i.!_;,i The overall objective of the DOE EHV Program is to promote the._ development of electric and hybrid vehicle technologies and to dem-

_i onstrate the validity of these systems as transportation options
which are less dependent on petroleum resources.

As part of the NTHV Program, General Electric and its subcon-
tractors have completed studies leading to the Preliminary Design

of a hybrid passenger vehicle which is projected to have the maxi- +i

mum potential for reducing petroleum consumption in the near term -i
(commencing in 1985). This work has been done under JPL Contract

955190, Modification 3s Phase I of the Near-Term Hybrid Vehicle

Program.

This volume is part of Deliverable Item 7, Final Report, of

i-_"!'_,__ the Phase I studies. In accordance with Data Requi£ement Descrip-
oo-+_ tion 7 of the Contract, the following documents are submitted as

;__'_[;_ appe ndi ce s :

APPENDIX A is the Mission Analysis and Performance Specifica-
tion Studies Report that constitutes Deliverable Item 1 and reports
on the work of Task i.

APPENDIX B is a three-volume set that constitutes Deliverable

Item 2 and reports on the work of Task 2. The three volumes are:

® Volume I -- Design Trade-Off Studies Report

• Volume II -- .Supplement to D.esign Trade-Off Studies
Report, Volume I

• Volume III _- Computer Program Listin_.

APPENDIX C is the Preliminary Design Data Package that consti-
tutes Deliver-a-61e Item 3 and reports on the work of Task 3.

!- _,_._-/

_."_m,_! APPENDIX D is the Sensitivity Analysis Report that constitutes

_!_+'_i_ Deliverable Item 8 and reports on Task 4. "

_+_++_I The three classifications - Appendix, Deliverable Item_ and

_'_;:' : t Task number _ may be used interchangeably in these documents The
+ _?i!_ interrelationship is tabulated below:

if: +

• .,, _ , " . ................... - .......... -u#, , , , [_,_ , ] ? '_, _ _ [ _. j_[:' ' ]L. _=], ,, ': ' .! ,,+, +,; ;_L_

, ,,. , .... _, _,+ ' , _ +' ' ' • ' + , ........ ' " , '_L.'

+'+'++''.......... 00000001-TSA04
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_ )' Deliverable

! Appendix Item Tas___k Title

( A 1 1 Mission Analysis and Perfoxmance

! Specification Studies Report

_'i B 2 2 Vol. I - Design Trade-Off Studies
I Report

_ Vol. II - Supplement to Design
_ Trade-Off Studies Report

'i Vol. III- Computer Program
( Listings

_o_/ C 3 3 Preliminary Design Data Package

_ii_ D 8 4 Sensitivity Analysis Report

This is Volume III, Computer Program Listings, of Appendix B.

It presents the Hybrid Vehicle Design Program (HYVELD) and the
Hybrid Vehicle Simulation Program (HYVEC).
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Section1
!) INTRODUCTION

I

'i 1.1 INTRODUCTION

i:_ This is Volume III, Computer Program Listin@s, of Appendix B,
i_ Design Trade-Off Studies Report (Deliverable Item 2). It repo.-ts
_ on work done on Task 2 and is part of Deliverable Item 7, Final

Report, which is the summary report of a series which document the

-_ results of Phase I of the Near-Term Hybrid Vehicle Program. This

phase of the program was a study leading to the preliminary design

of a five-passenger hybrid vehicle utilizing two energy sources
_ (electricity and gasoline/diesel fuel) to minimize petroleum usage

on a fleet basis.

i!ii The program is sponsored by the U.S. Pepartment of Energy

(DOE) and the California Institute of Technology, Jet Propulsion

; Laboratory (JPL). Responsibility for thi_ program at DOE resides

_!i! in the Office of Electric and Hybrid Vehicle Systems. Work onthis Phase I portion of the program was done by General Electric

Corporate Research and Development and its subcontractors under

_ JPL Contract 955190.

_;°i This volume contains a description and listing of two computer

programs :

ilil • Hybrid Vehicle Design Program (HYVZLD)

• Hybrid Vehicle _mulation Program (HYVEC)

Both of the programs are modifications and extensions of similar :_

:_i!_} programs developed at JPL as part of the Electric and Hybrid Ve-

hicle System Research and Development Project, Hybrid Vehicle Po-

tentiai Assessment, and Hybrid Vehicle System Evaluation Tasks.

:°l
:1

]
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- Section 2

,,1 HVBRID VEHICLE DESIGN PROGRAM (HYVELD)

2.1 HYVELD DESCRIPTION

This section contains a description and listing of the HYVELD

/_ computer program tl_t was used during the Phase I Contract to study

i various vehicle designs.
I
(

The computer program (HYVELD) was developed as part of the

:i Design Trade-Off Studies (Task 2) effort. It was used extensively(
to perform the first step in the screening of the various power

._./ train configurations and component combinations. In addition, it

:_,!/_ was used as the primary tool in the Sensitivity Analysis Stedies(Task 4). A complete listing of the program is given in Section 2.2.

_'_i AS indicated Figure 2.1-1, the HYVELD procedure
in calculation

consists of three parts: (i) Vehicle Synthesis, (2) Economics, (3)

i_1 Energy-Use Comparisons. In the Vehicle Synthesis part of the pro-gram, the vehicle weight and cost, and the size and cost of the

_i various power train components, are calculated for specified power
_i:_ train configurations and component characteristics. The passenger

'-'_! carrying capacity of the vehicle is set by inputting the appropriate

.-_,_ baseline chassis weight and the use-pattern is specified in terms

; _ of annual miles traveled and the fraction of those miles in urban

ii_I driving. The vehicle performance is given in terms of power-to-

i_ weight ratio and electric range. Vehicle synthesis calculations

.i are done sequentially for all-electric, series hybrid_ and paralle]hybrids with and without secondary energy storage. Calculations are
b

i done for a single engine type and a number of battery types (e.g.,

lead-acid, Ni-Zn, Ni-Fe, Li-S) in each run°

The vehicle weight and cost for each power train configuration

and component combination is built up from the Reference ICE Vehicle
by subtracting the weight and cost of the conventional power train

!_i and addinc, the weight and cost of the hybrid/electric driveline
needed to meet the specified vehicle performance. The e_fect on <_

the vehicle weight of the added power train Weight is accounted for

by using a weight propagation factor.

Economics calculations are made for each of the power train
combinations treated in the Vehicle Synthesis section of HYVELD.

The objectives of the economics calculations are to determine the

ownership cost (¢/mi), breakeven gasoline price ($/gal), and net

dollazs saved or lost ($/yr) for specified unit energy costs, eco=

life, and maintenance costs (¢/mi) o The Reference ICE Vehicle is
nomic conditions (interest, inflation, an4 discount rates), vehicle

characterized in terms of its initial cost, fuel economy, life,
and maintenance costs. The ownership cost (¢/mi) of the Reference

• ICE Vehicle is calculated for comparison w_th that of the hybrid/

i_.: electric vehicles. '_

::! 2-i e

;.:51
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Energy_u_e calculations are al,qQ made for each of tile pQwer

train combinations. Energy use (electricity and fuel) is calcu-

lated separately for urban and highway driving. The results are

,! expressed both in terms of energy used per mile traveled and on _

[ ergy uned per year. The fuel and energy used by the Reference
i ICE Vehicle is also calculated and compared with corresponding

_ values for the hybrid/electric vehicles. Fuel and energy savings

! are then determined for each power train combination.'l

" 11

,,° I
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I_(,O 390 _OnVAT(2X,'SATTERY CHARGING EFFICIENCY FROM PLUG_,TSC,FI0,3I
I_70 WI_ITk (IB,_,OOIBbFCU
1500 400 FOR_:ATI2X,,ENGIrlE BSFC IN CITYILBIBHP-HR)_,TSO,FIO_3)

.._, 1590 V:RIIE (i6,610) ['bgCH .....16OO 610 FORVATI2X°,ENGINE BSFC ON HIbIIWAY(LB/BIIP-HRI),TSO,FIO,3I .-A

:,] 1610 WRITE (16,420) TMI )

Ib20 _20 FOIIVATIZA_,_INE FOR SUSTAINED POI_ER FROM F,W, ISEC)_)TSO,F[O,3)
1630 _RITE(I6,4_I) VICF _:_
1640 421 FOR_ATI2X,*VEHICLE IMPROVEMENT COST FACTOR_,TSO_FIO,3) _

C, : 1650 VJRITE(16,422) (I,FtlFHV(II,I_I,NSY)
lbGO 6_ FORHAT(2_._HAINTENCE IMPROVEMENT FACTORI SYSTEM_',II_TSOtFIO,3I ii_

• _ C

J

1

....
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GENERAL _ ELECTRIC

l _ tl_C
X61H)C m_,_,m_, E C 0 N 0 M I C F A C T 0 R $ @_t**_,wo
Ib'_OC
17(_0 WRI T[ (lh,4 _0)

._. 1710 430 fOf.t"AT(l*?X,Ol._L_.LE _: [CONONIC FACTORS**/)
1120 wRITL (le,,_,4_)) Dff
1730 440 Foqr.',AI'(2X,OI'_IbCOUN_ RATEO,TbO,fIOo3)

i 1740 WR] TI ( [ b _.',5(I) I_

_. 17')0 450 FO_I:'.AT(2X,tlNTEREST RATE°_TSO,FI0,3I
L760 WRITL (16,l,60) N5

1770 660 Fuqr'IAI(2X,,°PAYbACK PERIOD STRUCTURE (YRS)t,TSO_,II0)
tTItO WRITE(|_,,,_?O) NF
17qo 470 FORt._AT(2X,OFINANCE PERIOD (YR$)°,_T50,ItO)
1800 WRITE (lb,e,80) TX

18|0 4110 FO:_"IAT(2Xq.°TAX RATE°,TSO,FIO*3)
'_ 1820 _,,RITt (1(.,490) IF

t83(_ =.90 FGRMATI2X,OINFLATION FACTOR°_TSO,FIO.3)
lf_O _RIT_ (16,_.ql) 5T
1850 491 FO:,LV.AT(2X*°SALE5 TAX°,TSO,FIO,3)

_ IP6O _RIT£(I(,,492) DMUP
1870 /,92 FOR_AT(2X,°D[ALER MARK UP°_TSO_FIO.3)
IRttO _,_|TF (I_,Z,93) NLi_F

_ 18')() ,;93 FO'_t.;AT(?X,,NONLINEAR DEPRECIATION FACTOR°,TSO,FIOo3)I'H_O 500 bEX=_L.XU
' lqlO £TA[J=,IJ'_/BSFCU

_ol Ig;O E TAI _t=, ! _/[',SFCH
=; "_. | g ]0 ALPHAC =5w [:N(,,+ 5v_TRN

} Iq_,O WV[I:wII(Le-(ALPHAC_KPC) )
_:' Iu 50 t_L"T(I =_V(I* I_PC *ALPHAC

( lq60 Y"IP -"Y'4]

"] lq'.q) IF(IPTO,I'_,0)GO TO 980
' I Iq. OC , ._

I,_OC***,*_,*_*_ CONVt NTIONAL VEHICLE DFSCRIPTION eee_e*a

! 2o00C
2010 V:RITt (l_,',lOI

_ 20,?0 510 FO¢_r_AT(II,?X,'(.ONVENTI(1NAL VEHICLE D)
- _ 20_0 ',,!leiTt ( Ih,520)P, FC

20_0 5=?.0 F'O:t_'AI(ZX,eI)O_'tR TO WE|GFtT RAT|O(KWiLRI°,TSO_,FIO,3) '_:.'..
ZObO 530 FOq'te. TI_X',t_,LIbHT POWERTRAINILBSI°'TSO,FIO*3 I
2060 WRIlt (1_,,:40) 5WFP_G

_t 2070 540 FOqe"A1(2k,'51't'flF|C WFIGHT ENGIPI£(LB/KW)',TSO,FIOe._I)
Zm_o w_| _L(16•,,,,o) sw'r_N i

=/i
20_0 550 F'J_r.'nTt2;',,,bI'L:CIFIC WEIC, ttT TRAN5MI5_ION(LB/KWI',TSO,F|O,3) ,i'_'

2110 b60 FO;t'.'AT(2X,'SPL(.IFIC COST ENGINE(S/KWI',TSO,FIO,]}
21_0 _._RITL (lh,%70)bI'(TRN I
2L30 b70 FUq'-_ATI2X,'51'L(.IFIC CObT TRANSMISSION($/KW)°'_TSO,FIO,_) 1

_"_ 2 I_*0 WHl T_"( 16,t, bO)k',t)bU
21.;(I 580 FORMAT(2X,'FL_L ECONOMY IN ClTYIMILES/GAL)°,TSO,FIO._)

:; 2160 WHITE (1b,590) MPGH

iii! 2170 590 FORMAT(2X,OFUEL ECONOHY ON HIGHWAY(MILES/GAL)°,_TSO,F|Oe3)

,) i [_ ,=t *ll) l fl e i • . _,,, _,t_, e.:l

o"

i,!
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GENERAL ELEGTRI¢

2f,90 PRIT_ I (,_ 7t_()) FSS (_) ,FDF I'_) +FHE (_) °
_Tt)O 760 FL)_mAT(_,I).*LI-b'IITD_ILi(AF) AC|D*_TAg_F4,.2+T94+F_.|+TOgoF4®2)
2710 i"i:l I_, |h, /Td)F_5(}),fl)FI?,j+FHFI_)
27_0 770 t (.V_;AT ( Tb;J _ ' L I-b* • TTU* * rL.¥WHI_EL' ,T89,F_.2 QT94 ,F3, I _T99,FI*o2 |
21'_(J k,+P,KTF. lh_TF_O)FD_'14),+FH[(6)
27_0 780 FOqHATI/x,,r'A_.ALLCL. IPRIP.;ARVJe+TSO+iP8 ACID+At,Tg_eF3®IeT99sF4,,.2I
2750 _Rllt" |LI'._+'/(,_(t+)FDF..I+',_+)+FHE(4)
_7bO 7+0 FOt;!m_ T ( T_(_ + +I,_1 -Zt++ , Tqi* ,F 3. t +Tqq,F4+2 )
Z7?O td_ I 1"1" I{,,_On} FI)_ IG) +_'f41..1¢,)
27_0 800 FOI,_t'tAT(Th, O,'_I,Ii.+FEI,_Tg_,F),,L+T99,_F4,_2)
27_0 t,,I_|TE 16,RI0)FDE_,I ,FtI[14)
281)0 810 F'OqmAT (T_/), *L 1=5=, 1"94 *F3,, l _T9_,F4_2)
7810 URITE I_)+_ZO}FSS15),FDE(b),FHE15)
2820 8Z0 FOq_AT(2_,'PARALLEL(PRIMARY/$FCONDARY)_,TSO+eLEAD ACIDi+T70_
2_130 /., _L[:.AI) AL|D'+T89¢F4®Z+?O_F_+I+TOg_F_IZJ
2R_0 _'R | TE (I_H._(,)) FSS(S) _FDE (5) +FILE (5|
2850 8]0 FU_,t_;ATIT'._O+*LEAD AC|D*+T?O_*FLYWHEELi_T89_F4®2+Tg_,F3eI+T99

2tlbO _ *F4=2)
2870 NI,'] TE (16+1_;0) F55{5) tFDE (5) +FHE (5)
28R0 8_.l) FUR_SATIT_O,.LI-S_TTO,*LEAD ACIDI,TO9+F_,eZ,T94+F3®I,T99+F4®2_
2890 ivR I TE"(16+8301F55(5) +FDE (_) .FHE (5)
2900 650 FOqM_T (Tb0 +=LI-S' _T70+ 'FLYNHEELi +T89_F_,,.2 +Tg_+F_= t +T99_F4e2)
2910C
2920C "''_'" T A " L E C -- $ T 0 R A G E R E O U I R E N E N T $ "''''"
29 _OC

2950 _60 FORHAT(2X,///)
2960 WRITE (16,_+70)
2970 R70 FORMAT_2X**T_,BLE C:STORAGE UNIT CHARACTERISTICS USED IN THE DESIGN
2980 b CALCULATIONS _)
2990 HRITE ( 16, _180}
_000 880 FORHATl?X,'_25,ePRIHARY STORAGEI+TSO+ISECONDARY STORAGE=,T'tO_=COST *

3010 & THII,'CYLLF2 LIFE'+T95,eLIFETIHE'eTIO4,eENERGY_eTI|2+_BATTER¥ I )
3020 WR l TL ( 16 +_t90_
3(130 890 701_MAI" (2,X, ]?0+ _Wl THOUT* ,T40, =WITH' ,T95,* YEAR_ ,T LOb**EXP* +
31)_0 & TII2, _SALVAGE')
30bO V.'Rl T L ( t 6 • goO )
30hO 900 FUqP._ATI2X,T?O+'LOAD LEVELING'+T40,=LOAD LEVELING =)
3070 wHITLI16,(_lO)
30t_O 910 FOqX_AT(2X++STORAC_E UNIT',TZO,_NHILD'+TZb+I_ILBe,T31,'NP/LPe+
3090 _, T_ L* * _/HILI;* _T_,7, *WILTS' _T52 * *NHILB* +TSR* *N/LB I _TbS+ s S/KWH I ,T?2i
3100 & i$/L_'_°+IftO,oCYCLFSO,TqS,_NO'I
31 lO V;It i TL (16+920)

3120 920 F:OH'_tATIZ;_'_iL_ATTERY TYPE')
31 ._O k/R l TE ( 16 ,¢)_OIr_OEP5 ( I ) +k't_bPP ( I ) ,ROPP5 ( l I ,ROF..PSL ( 1 ) ,ROPLL ( 1 ) +
3 I'+.0 f, II,'+)15 (L) ,I+:II'+153 ( I ) ,l_[')f'K1dl.l I | ) ,CPl I ) ,CL (l) ,YL! (|) ,.EEl l I ,B$V( I )
3150 930 F(Jq_+gTISX+_LLAIJ ACEU',T20,F+,O,T26,Fb,O,T3I,FS.O,T4L,FS.0,T+7+
31hO & F_.O,TS/,F4®O,T_H,F_.O.T65.Fb.O.T72.F4.2+T80,FS.Z,T95,F4.0.
3170 _ T IO5 ,F_.2 ,T 1 l 3 ,Ft+.ZI
3100 UI_ITFII6_940)HOU)517I +_05PPI2) +ROPPS(2),ROEPSL(2) ,ROPLLI2)
}IVO & RO_SI2)tRItO5512),HDPK_I+I?).EPI2)tCLI2).YLIIZ),EEI2).BSVI2)
3200 940 FORMArl5X,*LEAD hCIDIADV).+T20,F4_O+TZ6,F5®O,T31+FS.0+T_,I,FS.O,T67
3210 b +F',®O +Tb2 ,F4.0,T5B _F6.0_T65,Fb+O+T?2,F_®2,T80+FB_2 +T95 +F4eO,
3220 b TIOS.F_.2.TII'.F_.2)
3230 V:k|TEllb+950)ROEPSI3I +ROSPP(3I,ROPPSI3) _ROEPSL|3),ROPLLI_)
_2c_O 6 ROE51_) +RhOSSI_I ,bt)PK_H 131 +CP (31 +CL i3l +¥kI (31 +EE {31 ,BSV (31

2-10
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GENERALO ELECTRIC

_ 48!0 FRCS_FFO / ¢),,,-FFL_e(-I',I_)!
4020 FI4CU:F'FI_ / (Io-FFI4*(-YLI)

41330 CPM[()P: ll)I),IYM e ((FRCStNLI)Fe_CHEVS) *4840 & IFRC[I_(I,_BSV(TYPE))_WVePHIeCP(TYPE)I)
!_ 6B50C L}PT'4f£)=i)O|.LAH.'5 PER TON MILES EQUIPMENTJ

I 48(,0 ()PTHL_=CF'FIEQP/lOOo I (WII_OODe)

I 4870C PPT_FL=I)OLLAR5 Pt:R TOK HILES ELECTRIC

_ 481_0C DPKWttE:DOLLARS PER KILOWATT HOUR ELECTRIC/.1_90 IF (FU,I.(J, I ,) tIPG=MPGU

t 4900 IF(FU.r;I ,I,)MPC,:NPGCD
4910 SEXHCV:3b, llt.lPGIvlVOe_2000..

. 4920 DT MC,=GPO I MPG / t,V1.2000.
493(} DPTf_EL = I WV/W [ ) _DPKWHE_ ( (FU_FMED_SEXU_ ( I, -EFPU)/ETADI * ( ( I e-FUI

f( 4950C4940 & *SEXI4e ( 1 ,-EFPH)/ETAD) ) ICI(EF
4qbO FRCV= FFO / (1. - FFI**(-NSCVI)
4970 DFCV=(2,_NSCV-NF \�8�d�I(NSCV*Io)

i 49B0 DT_'ICV:(F'RCV*DFCV*CCV*(I,*ST)) / (YM*WI/2OOOe) :.

;_ 49,_oc• 50(_0C LRC = LICFNSF AND REGISTER FEE
::.."i 5010C FINC = FIXED INSURANCE COST

_: ;il' 5020C ICF = INSURANCE COST FACTOR
5030C MCMO = MAINTIrlENCE COST PER MILE FOR CV

"_ 50_0C MIFHV : MAINIINANCE IMPROVEMENT FACTOR FOR HYBRID VEHICLE
:o_o) 5050C

(

:I 5o,oc
""1 5070 I_C:PC° S0it0 ADCHV:LPL*F I NC �ICF_(CHEVS*BC)

_-°_:o'°I 50_O ADCCV:LRL l�INC* l CF_CCV ....!
"_'_. 5100 /4CHV:,O I_rlICMO*YM* lI,,-RIFHV (5YSI I

:_ 5110 NCCV=,O I'MCNO*YM

_,_ _Izoc
."o_ 5130 NBEUPG=DF'THEU*DPT:_EL

,,,_!,( 5140 6-DTHCV * (ADCHV-ADCCV_,MCHV-MCCV) / (YM_W|/ZO00,I
1_7 5150 DBEUPG=,O3 _ ( 5EXHCV*_'.'VO/Wl -

" :,°_ 5160 b WVIR,( I'UeFMED*SEXU*EFPU / (ETAEU_ETAM) *
-: _ 5170 6 (I,-FUi*SEXH*EFPH / (ETAEH*ETAM) *

_ 51_0C HEUPG=i:REAK EVEN UNIT PRICE OF GASOLINE
5240 t_EUP(,: r_BEUPG/DBEUPG

_;;o_ 5210 GCPMHV=f_,
°: _ 5220 IF (FU,EU,I,) GOTO 145

°! 5230 GCPMHV=GPO_ (WVI2000,) / (36,6_*ETAM) e

ii_1 52_0 & ( SEXU_FU_FMED_EFPU / ETAEU * SEXU_FU*(I,-FMEDI I ETAEU *
52.50 6 SEXH*II®-FU)eEFPH / ETAEH )

"i __::_',:i_!_I 52,"0C5260145 CONTINUE5280C CALCULATE OPERATING COST PER MILE (CENTSIMI)

i

I _ _,'4'LCi{ ,

OF SY)O__-,,,.....- '-
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GENERAL.._ ELECTRIC

53_O OPCT_HV_LIIO,*( ¢_[/2OOO.)tCDPTMEO*DPTMEL) *
5_|Q b IADCHV_NCHV)/YM • GCPMHV I
5320 _PCTG=IOO.t¢ |WL/2OOO.I*IDTMCV*DTMG) * (ADCCV+MCCV)IYM |
5330C
5340C CALCULATE TOIAL ANNUAL OPERATING COST ($/YR) TACEHV
5350C
5300 AOPCG=_C_t'ttV*YM
5370 TACEHV=0_CTEHVt(YM/100.)
5380 AOPCE_E=IACFHV_AOPCG-ADCHV-MCH V
5300 TACCV=OPCTG*IYM/_O0.)

5400 AGCCV=DTMGtlWI/2OOO,)*YM

54 lO WRI TE ( 16,150 ) PC, COT tCDT I tCEHV
5_,20 150 FORI_AT (2X, t PB-AC IDe ,T IT,F IO,O*T6OtF IO,OtTOg*F|O®O*TgSoF}O*O)
5_,3oc
5_,40C HEADER FOR BHt-AKEVEN GAS PRICES
5_50C
5460 _._RI TE ( 16, lhO)
5470 160 FO_ATI/I,2X**OPERATING COSTS AND BREAK EVEN GASOLINE PRICESel

54R0 WRI TE ( 16 .b170)5490 ITO FO_"ATIThq*IGA$ BKEVI,TTO,tOPER COST EQ&ELetTB7,_IHV GAS'PO I
5500 & ,TIO3,,'U[_IVE CI'IAR I )
5510 V:RI TE ( I_, 160)
5520 I80 FOR_"AT(2X,ITYPE*,TIq,_DELCDT*,T27,_I_ATTE RY COST_'T40*_DlaTMEO t
5530 & ,TfO,t{'s_'TEtIL_T57"*GAS $/GAL_'Tb7'_OPER $/MI_'T82_ _$/YRttTg2'_
55_0 & °$1YR° ,I LOt, °LBIKW° ,T112'_ _$/KW Q)
55b0 WRITE(I6,LgO) DFLCDT*PC,I)PTMEO,DPTMEL*BEUPG*
5560 60PC TEhV, AOPCEClE, AOPCG, ALPHAS, GAMMAS
5570 lgO FO_MAT(2X,tLEAD ACID*,TIS_FIO.O,T2&_F!O_O_T37_Fg_3_T47_F9_3
55/_0 b *T57,F9.2 _TbT,Fg.2,T77*Fg*2 ,TST,F9*2 tTg7*Fge2*TIO7_Fg*2)
55'_OC
560oC OUTPUT ENERGY CALCULATI()NS IF ECON=I
5blOC

5620 rITYPE=I
5630 IF (ECON,EO,I) CALL ENCAL(WV,NTYPE)
56_0C
56'..,0COUTPUT CONVENTIONAL VEHICLE OUTPUT _!
5660C
5670 CALL CONVP
56R0 RETURr,
5690 Et_D
57n0 SUI}ROUTINE CONVP

5710C

573CIC 5 U I:1 R 0 U T I N E C 0 I_1 V P

575dC
576CIC COrlVEP;TIO_;AL VEHICLE PRINT
5770 R{_AL v,PC ,I)Tr._G,CDTO
5780 PEAL ! r ,Lr'_C, i CF ,MCHO,M 1FHV,NLOF ,NSCV
5790 IhTFGER l_'TO,PISY,NBC _IPSU,NYL ,NSYS,NBC5

5800 INTEGER t-CC._,
5BIO _EAL MPGU ,,f,'PGC,')
5fi20 REAL ROIuS,F#OSPP,ROPPS,ROEPSL,ROPLL,ROES,RHOSS,BOPKWH,_CPtCL_,YL_
5830 REAL KP _,hPGH,K,DP*R I
58_0 REAL DR,IR,TX,KPR_SWCNT,SWNG_SWCVT_SPCCVT
5850 I NTEG|R TYPF ,SYS _TYPE'SE _ SY55E

................ .:-- - -:''.- ....
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-i
! G=, 0 ELECTRIC

i i " _'_c '3, u u . o t, 1 I N r c 0 N V P
1 5 75oC

- .I '_760C CONVFNTIOf,AL Vl.tlICL_ PRINT
I 5770 REAL KPC _['_ l.l(__CDTO

5780 REAL Ir ._L|_'Ci ICE _MCMO .MIFHV_NLI)F _NSCV57q0 [PIT[C, ER !I'Tf),PISY,PII_C,._I";AJ,NYL_I'ISYS_hliC5
" _ 5 II_)_I ] f_TF bEl.! t C(,ll

5810 PEAL MPGU,PPGCH
6820 REAL HO_PS,FtOSPP$ROPPS,ROEPSL,ROPLLvROF.S_RHOS$_IIDPKItlH_CP_CL_YL|

-_ '/ 5860 PEAL I)R, I r_, TX ,_KPR ._5WCNT ,, 5WMG _SHCVT ._SPCCVT5850 ItITEGLR IYPI- ,SYS_TYPESE_SYSSE
_'_ 5860 Ih]_4ENSIOI_ (_AP'IHA(6) _FDE(_)

- l/ 5870 DIMtNSIOr| I,tIIEPSIbI,ROSPPIS|,I<OPPSIS),_ROFPSLIS) _RQPLL.(5| ®ROE$(6}58H0 [)I'.lEhS[Ol_l Pt1055(5) ._I3DPKWtt 16) ,_¢P(6) _CL(5| _YLI (61 ,EEl5) _B$VISI

l 5890 DIMI'NSION RI (6I,FHEI6I,FS$(6)
'_ 5900 I*I'.I[.NSIONMIFHV(6}

5qlO COM"ON /IIIITV/bYS,TYPE_KP,ETAD,,WI,K,CW',PW',KF'C',

!.I 5920 & 5PCHE,Tr_P,SEXU,,.SEXH,EFPtlI,EFPUI,,FUI,.!_,SFCU,BSFCH,5930 & 5PCMG.,S_'CGEN,SPCCNT.,SPCTRN,DPKWHE,ETAM,HBFI,SWENG_NYL_
' '_ 5940 b 5_ITRN_A_'C*GPO*MPGU*t'IPGCB,CHEF_HPGH'IPTO'NSY'NBC'IPSU_

"*':_i'_ 5950 b RDEPS, R()SPP ,ROPP5 ,ROEPSL ,ROPLL ,ROE5 ,RH055, BDPKWH ,CP ',CL.•YL I •EE •
5960 6 FHE,FDE,FSS,_'fMItDP,NS¢5*NBCS'_TYPESE'_SY$$E'_RI"GF_GK•CM_

i.!i I 5970 & DR _ iR _Nb,NF ,TX,,KPR, SWCVT ,SPCCVT, SWCNT _ 5WMG,, $WGEN

5980 & _FMEDI._LTAPP_ECON_|F,*NSCV_VICF*NLDF_$TtDMUPvCCV
5990 6 ,_MIFHV,LRC*ICF,MCMO_FINC_UBCC•BSV
bO00C

_. 6010 CONIMON / INI TMISEX,,WVC ,ETAEU,ETAEH,_WDTO,GAMMA
6020 COMMON / |NI TSICDTO,DTMG,SEXHCV,OPCTG*TACCV*AGCCV*EFPU*EFPH•FU*YM

>._. 6030C

6050C

__i_'--:._:. 6061") WRl TE (16, [ O0)6070 LOW FL)RMAT (2X_.//)
,_ _ 6080 WI_ITE (16, i LOI

_ 61()0 b T_,6,*CDTO('t,) _ ,_T55,_GPO($/GAL) _ ,T66,eDTMG($/TON-MI) _ •T80
61L0 & **OPCTIL'fS/MII**T9_,_TACCVI$/YR) _,TXXO_AGCCV _)
61ZO WR ITE (!(_,I20)WVO,WDTO,CDTO,GPO_DTMG'*OPCTG'_TACCV_AGCCV
6X30 1;"0 I'L)RHAT ( 2X _ T25 _ F9.O,_ T35,FQ.O,T_5*F9*2 _T55 •F9.2 •T67 •F9®2 • T80 I

- 6140 6 ..Fg. 2 _ T"_4 _.r.q ®2 .. T 105., Fg. 2 ) ....
6150 PETURN
_160 END

!i!:I;! 6 .oc

._.._,._:'" 6 170 SU_tROtJT Ifie PUREP

_::i, 6200C 5 IJ B R 0 U T I N E P U R E P

1 6ZZOC

° 'II 6_0 INTFGFR hY562',0 C()_r"_)N / It,ITV/SYS

6260 |00 FURP"AIIII_2X,_PUI_E 5TURAGE :PRII4ARY ONLY_SX._PH|_,_TX•_RR°_SX_
6Z70 & *_'WIR*,bX,_WV',SX_'WDTIR*•SX•*WDT_•?X_'_WB*'_X•_YL _)

t 2°o!6

O0000001-TSBIO



l
i _-:i GEHERAL I,_,

ELECTRIC

ml,,,,,c sY_l
-I #__.90(. H()LP5 =,'dH/LI) (PH IMAHY)

',_-:1 6380C ROPPS.':_/LI) IPH|MARYI
;>:;! 63L0 CALL PRIMYI5VSI

.'; 'I 6 3 2 :) I_E Tt.Jl_f_

! 63_',() 5UIsPgGTII|I: PAAAI'IP

_ .{ 639uC

i 1 63r0C 5 U 8 p 0 U T I r,l E P A R A H P

i.- I, 63_,oc
"' I 6_00 |NTfGER bY5
_ 6410 (,0"4',_9rI /IPIITVlSV$

- _, 6_20 WR! TL ( 16, l{)O)
;: .I 6_0 lOO FORHATI2X,_°PARALLEL HY_RID;PR|MARY ONLYm_,SX,m_PH|_,m?Xt°RR°_OX_,

64c,0 6 °WV|_ ° ,bX* °:'/V° ,8X, °WOTIRO ,5X' °WDT° _?X _°WB_ _6XitYL° )

i; "} 6,. o C,LLp.I...Y,sYs,6_,70 END
_ _.80 _UBROUTi r_E PRIMRY I5Y3]

i ,",_I 6._0C_, ,) 6 _ 0 0 C ,iii,iI.l i i i i Ii.ii l i @ I i II (I._ I l I _ if.I I I I _l',il,I _I'I {I'I I I l'll'I _I'(I'I I

i- _ 6510C S U B R O U T I N E P R I M R Y

_ .i' 65_oc

ill 65_0 REAL KPC,DTMG,CDTO

6550 REAL IF,LIvC,ICFi,V'CMO,MIFHV'NLDF'PISCV
6560 INTEGER IPTO,NSY,NBC, IPSU_NYL,NSYS,NBC$
6570 INTEGER ECON

i);'[ 6500 REAL "PGU,_PGCB
6590 REAL ROEPS,R05PP ,ROPRS,ROEPSL,ROPLL 'ROE5' RHO$$ _BDPKWH'EP _cL _YL I

"_ 6600 REAL KP,F.PGH,K,OP,R I

662n VEAL [_f

_ii_il 6630 IHTEGER TYPE.SYS,TYPF 51!,bYSSE66&0 D|V.Er.,15|O_'_GAMNA(6),_FL'E(6),ALPHA(6)
:= ' ' 'i 6650 [)I_fl:'NSIC ;'_ ROEP5 (5 l ,kOSPP (5) ,_ROPP5 (5) _ROEPSL (5) ,ROPLL (5) ,ROES|G)

6670 Dl'.ll:'rlSlOZ_F41 ¢/.|*FHE46) _F5516|

66QL) C()'._.'._3;_/ fillIV/15Y5.TYPE .KP.ETAD.INI,K *(w.l*'_.KPC :
6701) _. 5PC_i .T_P.bEXO,SFXH.EFPHI _FFPUI.FUI,t_5FCU.I_5FCH.
6110 & 5PC_tG,SP((_I:_.SFCCNT,SRCIRN_UPKWHE,ETAH_F_F_FI,5_iEIlG,NYL,
6720 6 5_/T'_N,Av:C ,GI_U,t':PGU,P':I)GCI_.,CHEF,It'IPGI'I, IPTO ;_SY _h'.l)C,IPSU, ......
6730 & R.")F_PS,IIIIbPP,ROPP5,ROEPSL,ROPLL ,HOE5iI;HO55_BDPKWH_CPlCL_YLI ,EE,
67(,O 6 FHE,FI)E,FSS_YHI ,DP,hSYS*'I_CS,TYPE5E,SYSSE,R|,GF,GK_CM,

-;)_ 6750 6 DR,IR,r:b,IIF,TX.KPR,SWCVT.5PCCVT,._WCNT,SHMG,SWGEN) 676() 6 ,F_IEDI,tTAPP,ECI3Ia,IF,NSCV,VICF.NLDF_ST,DHUP'CCV

! ":./:i 6_7o _, .,,_F,.V.L,C._C_._.,CMO._I.C.Ur,CC,oSv

-_:"':"i 67.oc

67_0 COllatOr,IIhITHI SEX ,WVO,ETAEU,ETAEH _WDTO,GAMMA,YMP _ALPHA

!---',L,I:' 6800 CO_IHON Ilta|TS/CDTO,DTMG,SEXHCV,OPCTG,TACCV,AGCCV.EFPU,EFPH,_FU,YI_I:> 6B lOC

' _ ',I 6820 _EAL [C,NHEUPb_MPG

68_0 DI'IENS|3_'I PH|PRI5I,_PHtPPIS|,PHI (S),RRIS)
6850 DI_E:_5IO_ WVIRI9) _kVISI.WDTIRI5I_WDTIS)_WO(5)
6060 DIMENSION YLISI,_PtilSPPl5)

: 1
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1

/ GENERALQ ELECYRI¢

.1

i I)('4EN"J|OI_ CP_II:I_P 15) ,DPTt',I-.(I (51 ,DPTfIgL 151 ,_I_EUPG(5) eNBEUPG(5_

t, ilTO
hit _l,(] I) | _4t'NS | (st; I}llL uPG ( .5)

,' t:,_rlll IJiMt:r;';10,1 I_(.:(S),CDllS),COTIISIoDIELCWISIeICISItI:)ELCI)T(.S)
} _g(16 DI_.IF,_:SIDI'I _/OEPSI (S),CEHV(S)
I,

6_IOC
'; 6920C END OF REALIINTEC, I.RIDIMENblOtlICOMMON DESCRIPTIONS

_t 69]0C. 691tO If (SY._oflL • I, ON.SYS.NC e2)ltBf _.FIBF X

L_ _C)50 I P ( 5Y 5 .1_ ° I ' OH• 5Y 5 * NF', 2 ) FU= FU I
i 69_,0 l F (SYS,P:I_• l oORoSYSoNI_ o2) YH=YH|

Oq70 IF (5Y_•i%| o| oORoSY_oI_IE•_)_.FPU=E_PUI

6980 |FISYSof'tt'.,IeOR•SYSoNE•2)EFPH:EFPH|69q0 IF (5YS•P;E • | .ORoSY$®NE•2) FMEO=FMEDI
:" 7OO0 !F (SYSoEUo !.OH•SYS•EO•2) FU=!,,

"{ 7010 I F ( 5YS•I'oUO 1 ,OR o 5YS•EO=2) FM£ D:lo
7020 IF (5¢5•EU. L,O12•5YS•EO•2) YM=-.YHP

{ 7030 IF(FU.EQ. I.)HBF=|•
: 70_0 IF (SYSoEU. ! .OP•SYS•EO.2) EFPU-'O.
i 7050 IF (5YS•FU. IoUR•SY5*EO.2) EFPH=|•

7060 RIO:_I(I)
7070 RIS=R! (SY5)

"_ 70dOC

_'} 7090C.t*ec,*nm.mm'* I" I R 5 T °DO° LOOP
', 71O0C

_'i_I 7110 DO 2000 TYPE:NUCS,NBC

7120 I_OFPSLITYPE):POEPSITYPE)*( RIS/RIO )*e EE(TYPE)
° 7130 PHI PR ( TY P[ ) :$EX*R 15/2 •/ETADIROEP51 ( TYPE )

7140 PPDE =1 .-PI'4E (5Y5) ....
7150 IF (FDE(_YS),GT.PPDE) PPOE=FDE(SY$)

.L_ 7 |f_O PHI PP (TY_E) :PPDE* |O00.¢,KP/ROPPS (TYPE)

::J'!I 7170 PH|SPPITYPE)=IOO0.*( GK- (GF.KP*FHE(SYS)))/ROSPP(TYPE)
7180 IF (PHIPR (TYPE) °GT.PHIPP (TYPE))PHI (TYPE) =PHIPR (TYPE)
7|go IF (PHIPP (TYPE) .GT.PHIPR (TYPE)) PHI (TYPE) =PH|PP(TYPE)

:::i 7200 IF (PHI 5PP (TYF _:) oGT.PHI (TYPE))PHI (TYPE) =PHISP_' f TYOE)

7220 6 n* ( 1 o/( I,,-EE (TYPE)) ) .

\

7230 WVIR (TYPE) =! •/I l,- ( (ALPHA($Y$)*KP))-( ( IoeKIIPHI (TYPE)) )
72_',0 WV (TYPE) :;,_V 1R (TYPE) ,I_I
7250 _DT IR ( TYPI: ) =WV IR (TYPE) -1 ®
7260 WD _ ( TYP[ I =V;DI IR ( TYPE)*WI
7270 vH._(TYr*E ) =WV (TYPE)*PHI (TYPE)
72BOC CYCLE LIFE
7290 IF (NYLeI:(_oO)GO TO 110
7300 IF(NYI. oFU°I)GO TO |00
7_10 IOu YL(TYPL).=2**DP*CL(TYPE)_ROEP$(TYPE)*PH|(TYPE)_EI"AOIYNIFU/HBF/$EX

=;1 7320 GO '0 l?"
, 7330 II0 YL (TYPE) =YLI (TYPE)

73_,0 120 I F (TYPE•CO. L) WRI TE ( 16,, L30l PHI (TYPE) ,RP (TYPE) ,WVIR (tYPE) _V (?¥PE) •

i 7350 6 WDTLRITYI.'C),WDT(TYPE),_NEliTYI"EI,YL(TYPE)
7360 130 FORMAT( bX,°BATTERY TYPE LEAD ACID_F|Oe_FIO®OtFIO,2tFIOeO_
7370 6 FIOoZ,?P 10,0,F7•2)

.. 7380 IF (TYPE,,LO.2)WR ITE (16,, I_OIPH| (TYPE) ,RR (TYPE) _HVIR (TYPe) oHVITYPE),
, I 7390 & WDTIRITYPE),WDT(TYPE)_NR(TYPE)tYL(TYPE)

) 7_00 1_0 FORMATISX,_DATTERY TYPE'PB ACID A°_FI, Oe:_FIOeO,_FIOo2'bFIO*O'_

t
-,{ o
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GEflEqAL _ ELECTRIC

R6tO t, *CI-HV (T YPF: )
1t420 230 FO_'*AT(2_o=PlJ ACID A°eTI7tF ' ,.,-'*TbfleFIOoOoT82eFlOeOoT95tFlOeO)

_ 8_,30 II:(T'IPE.LI).3IWR|TE(|_*21*O_" ',TYPEI*CDT(TYPE) tCDTI(TYPE)

j.. fit_40 & *CEItV (TYPE)
._., 81,50 260 f(JHf.IAT(2X,°N( ZNeITLT_F ' J,T60_FIO.O,TB2vFLO.O,T_§,F|O*O)
._ fl_60 IFITYPIF.LO.4)WR|TE(I(,250)PC(TYPE)tCDT(TYPEI_CDTX(TYPE)

8_70 6 _CFHVITYPE.)
fll_,f|O 250 FOr_t'IATI2X*eN| FE*,DTI ?_F'IO.O,T60*FIO,O,,TB2,FIO.O,_TqStFlO.O)

*_ 8_,qO IF (TYPE.E(h, 5)IdRITE (lbt260) PC (TYPE) *COT (TYPE) tCDT| (TYPE)
8500 6 oCEHV (TYPE)
8510 260 FOm_AI ( 2X. 0L I-$° .T [" _F IO.O_,T60_FIO.O'ITB2 _,F[O*O.T95",FtOeO)

-;" 8520 2001. COI_;TINUE
_i:1 8_3oC

' 85_,0C HEADER FOR PJ,_FAK EVEa _S PRICE
-:=" 8550C

85_,0 WRITE ( i _,* 270)
8510 270 FOllrtATl?X.I/l)
85H0 WRI TL 116•2R0)

_.L 85q0 280 FOR_ATI2X,eOPERATING COSTS AND BREAKEVEN GASOLINE PR|CE5 D)
_, 8600 WRITE ( I f,, 290)

i 290 FORHAT(Tbgt°GA5 UKEVI'=T70*_OPER COST EO6ELVqTg7ttHV GAS_PO t8010
8620 b *TIO3,tURIVE CHAR w)

-/ 86_30 WRITE ( i 6,300)
_-:_ 8o_0 300 FO_AT(2X*'TYPE',T],9,°DELCDTW*T27*OBATTERY COST',T40*tDPTMEQ°_

_' 8650 b ,TS(I**DPTMEL 0*T61,_°S/GALt•TTO_,°CTslH|°_,T80•°S/YRt_TgO,_

_l 8bbO 6 °$1YRe_TIOI*OLBIKN°tTII2_*$IKW D)
8670C

__il 86HOC_._'a,e_"_'_e_,_,* T II I R D oDO' LOOP

8690C
87t)0 I)O 2(102 TYPE=NHCS,NRC

. 8710 GCPt.;HV =0,,

8720 IF (FU.EO.I.) C,OTO I458730 GCP_';HV=GIJO* (_;V (TYPE)/;_000.) / (36,,63_ETAM)
-i.;_ 87_,0 6 ( 5_XU*FU*FMED*EFPU / ETAEU * SEXU*FU_II°-FMED) / ETAEU '_

! 8750 & SEXI4'_I|.-FU)_EFPH I ETAEH )
Z_t 8760 145 CONTINUE

-it 8770C8790C CALCULATE: OPERATING COST PER MILE (CENTS/M|)

;:I 87,_oc8800 OPCTEHV:IO0.t( (WI/ZOOO°I_(DPTM_.OITYPE) LITYPE))8810 & (ADCHV_.MCHV)/YM �GCPHHV)

R820 C|PCTG=IOUee( (k;I/2OOO_,)_(DTMCV ���<IADCCV_'RCCVI/YH t
. 8830C

88_()C CALCUL/_TE TO1AL ANNUAL OPERATING COST ($/YR) TACEHV
81150C
886(1 AOPC(_=GCP_'hV_YM
8870 TAC[ HV=OPCTEHV_ (YM/lO0o )

-_ 8H80 AOP(.[ ()F: IhCFFiV-AOPCG-ADCHV=MCHV

--_} 8890 TACCV =OI'L. TG_t (yM/100• )

i! 89(10 AGCC v=r)T_,_(,, IN|/21100° ) _,YM

8¢t10 IF (TY_JI;.LI_. ! I _RITE (16,3LOIOFLCDT (TYPE) ,PC (TYPE) •DPTHEO(TYPE) •

_;,, 8920 =._DPT'4t L(IYPE) ,BFUPGITYPE ) ,_OPCTEHV,AOPCEGE,AOPCG,ALPHA (SYS) t
! 8¢)_0 b GA',_HAISY5)

_il 89_0 31.0 FOqt'4AT(ZX•°PU=ACID°*TIS_F1.0°O,_T2h*FIOeO*'.37*Fgo3,_T_T_F9,_3
__-'.! 8q50 b _ TST,F9®2 ,T67 •F9®2 ,T77,Fge2,_T87 •Fg°2,TgT,F9,=2 _T|OT,Fge?_ )

_ BgbO IF (TYPEo_O°2) WRITE ( Ib.320)DELCDT (TYPE) ,,,PC (TYPE) .DPTMEOITYPE) _,
8970 6 DPTMEL(IYPE),BEUPG(TYPE'),OPCTEHV*AOPCEOE_AOPCG_ALPHAISYS)_ _ ,:_

"1 8980 b G,_I_MA(SYS)
= f 8990 3_0 FORMAT(2X,_PB ACID Ae_T|5_FIOeO*TZ6_F_OeO,_T3"/%FC/®3_T_TtFg*_

..ii_:ii 900C 6, •T57 ,F9,,2 ,T_7,Fg.? ,TT7 ,Fg,2 ,T87,F9, Z ,TqT._F9® 2 ,T 107,_P9,2|

22

!: :/

.-I
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GENERAL0. ELECTRIC

9010 IF (TYPf:.EfJ..3)WRITE(16,,330)OELCDT(TYPE) tPC(TYPE),bDPTt,'IEQ(TYPE|v
9020 f, DPTMFL(IYPI-) QI_EUPG(TYPE) ,OPCTEHV,.AOPCEQEoAOPt.G,tALPHA(SYS)•
9030 b (IAP4MA(SY 5)
90_,0 330 FO,_4AT(2X,ONI ZNO,TI5_FIO.O_T_b_FIO.O,T]7_Fg.3tT47*Fge3
q050 b t TS? tFq.2 _T67 _F9.2 _T77 _FQ.2 qTS? tFg.2 _T97tFge2 tTIO7_Fge2)
_0_0 IF(TYPE.L_.6)WRITE(16t340)DELCOT(TYPE) tPC(TYPE)tDPTMEO(TYPE)•
c_070 b DPTt4EL(!YPF) tt_EUPG(TYPE) qOPCTEHV_AOPCEQE_AOPCGtALPHA(SYS) •
9080 b GAHHA (SYS)
9090 3_0 FOI_MAT(TX,°NI FE°,TIS,FIOoO,T26,F|O.O,T37,FQ.3,T47,Fgo3

, _ 9100 6 _TSl,,I'9,2,Tb71Fq,2,T77,Fq,Z_TB7'IFfl,2,TqT,Fq,2,TIOTqFge2)
9110 IF (TYPr..tO.5) WRI TE ( 16 _350)DELCDT (TYPE) ,PC(TYPE) ,OPTMEO (TYPE) •
9120 b Dr)T_IEL{TYPE),BEUPG(TYPE) QOPCTEHV,AOPCEOE_AOPCG,ALPHA($YS)•

,_' 9130 f_, GAI_IMA(SYS)
91_,0 35U FORHAT (2X, °L l-SO _T 15,FIO.O_ T26,F IO.O_T37,_F9.3_T47_Fg,3
9150 & ,T57,Fqe2,T67,F9e2,T77,Fq,2 _T87 _Fg_2_T97•F9.2 •TIOT•Fge2)
91bO 2002 CONTINUE

= 9170C
! 9180C OUTPUT ENERGY CALCULATIONS I¢ ECON=|

_,,_} 9200 fITYPE=NR(--t;L_CS_ I
;°°:_: 9210 IF (ECON.EO.I) CALL ENCAL(WV(NBCS) tNTYPE)

9220C
" _i*)'* 9230C OUTPUT CONVENTIONAL VEHICLE INFO

:ii!l 92_0C

9250 CALL CONVP
92b0 HETURN

g280 5U_JROUTINE PSECOYISYS)
9290C

! :. _ 9330C
; _. _ q340 {_EAL KPC_'[)THG*CDTO

i! 9350 RE_L IF',LRC.,ICF,_'ICMO_MIFHV_P'LDF_NSCV

9380 INTEGER lPTO_NSY_NHC_ IPSU_NYL_NSYS_NBCS
9370 INTFGE-P LCON
9_RO HEAL. HPGU,tIPGCB
q390 I.:EAL ROEPb,_OSPP _ROPPS,ROEP_L ,ROPLL _ROES,RHOSS,BDPKWH _CP _CL tYL I
"9_00 F_ICAL KP_r':PGH_K_DP,_RI
9610 R_AL DR tLR, TX _l_PH_5WCNT ,5WHG, SWCVT _SPCCVT

" .' 9620 HEAL IR[J

_:X q430 I_TFGER I YFF,. 5YS. T YI)[ SF_ _ 5YSSE

9_6.0 [_I_qTNSI()N (,AHt,IA(6) _FDE(_) _ALPHA(t_)
9_,50 I)I_.lt_NSl()r'_ RO['PS(5),POSPP(')) ,ROPPS(5),ROEPSL(5I,ROPLL(5))ROES(6)
9460 DI".IENS i(.)ri RHOSS(5) _t_OPKWI'I(6) ,CP(6) tEL (5) ,_YLI (6) ,EE(5) ,BSV(S)
9670 ()I'_tNSION I_I [6),FHE(6I,FbS(E.)

!_._o_: 9c.80 DI'IENSION V,IFHV 161

i 9500 6 SPCHE ,TMR,SEXU,SEXH_EF'PHI ,EFPUI ,FUI ,BSF'CU_BSFCH_
qSIO 6 5PC_G_S_CGEN_bPCCNT_SPCTRN,DPK_;HE,ETAH_HBFI*SWENG_NYL•

°'_/._ 9520 6 5WTRN,AWC_GPO,_MPGU_MPGCB,_CHEFtMP(_H_IPTO_NSY_NBC,_IPSUt
,_ 95_0 (, R_['PSoPOSPPtRf}PPStROEPSL _F_(3PLL,Rt3ES_RIIOSSoBI)PKNIt_CP=Ci .YI I _1:.

i

.:ii
' '°i

4

: :J

,i!, . 2,=2 2 :
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9.550 b DR,IR,Nb,I'IF,TX,KPR,,$WCVT,SPCCV1,SWCNT,SWMG,SWGEN
9560 & ,FHEDI,I:.TAPP,ECON,_IF,_NSCV,VICF,NLDF,,ST_,DMUP,CCV
0570 & tMIFHV,LRC,ICF,MCMO,FIIIC,UBCC,b$V
9580C
9590 COMMON /INI'I'M/SEX_WVO_ETAEU_ETAt'H_WDTO,GAHMA,YMPtALPHA
9 (_00 COMMON / 11'_| T S/ CDTO ,, DTMG, 5EXHCV • OPCTG _TACCV • AGCCV • EFPU, EFPH, FU, YH

96t0C
9620 REAL KPSb,I'4P(k
96o cLs.,.J
96,.o REALXC.",,EUPG
9650 ]HTEGLR IYPE
9660 INTEGER 5YS
9670 DI:I[:_,SION A(4I,CA(4)
9680 DIr4ErlsIOr_ AL(_) ,CAL(4)
96')0 DIMENSION ALP(4),CALP(_)
9700 DI_EPI$ION REPSL(4),PHIPR(4I,bPHIPP(4),RPLL(4I,_PHIP(4I,,YL(4I
9710 DI_IFNSION PHI55(41,,PHIT(4) _,RHO.5(Z) tRR(4) tNVI, R(4I,,,WV(4)
9720 DI_4Er¢SION WDTIR(4) ,WDT(4) ,WP(4) ,W5(4)
9730 DIMENSION SC(4) ,PC(C) ,BC (_} ,COT(a) .CPRS(4) ,C5P5(4) ,CDTI (4) ,DEL
97_,0 & CWI4)

9750 DIM[INSION IC(4) ,DELCDT (4) ,_CPMEOP(4) ,DPTMEL (4) ,DPTMEO(4) ,BEUPG(6)
9760 DIMEPIS]ON NL_EUPG(6) _,DBEUPG(4)
9770 DI_4ENSION REPSLI(_,),CEHV(_,)
97BOC
97g0C END OF REAL/INTEGER/DIMENSION STUFF
9800C
9810 YM=YMI
9B20 FU=FUI
9/t 30 Hbr =H3F I

qR_O |.FI)U-'! FPU]
9850 EFPH=_ FPr_I
9R60 F."IE {)=F Y,Il) I
9H70 CLS(I)=CL(I)
9880 CL5(2) =CL ( I )
9890 CLS('3)=CL(5)
9qo_ CL_ (_,)=EL. { b )
9910C 5Y5=2 PU_i: ELECTRIC-P/$
9920C 5Y5=3 5£NIES-P/5
9930C 5Y5=5 PA_FLLEL-P/5
9940 IF(SYb. E(_,2) GO TO I00
9950 IF(SY5.EU.3) GO TO 120
9960 IF(SYS.EU.5) GO TO 140
9970 !00 WRITE(16,110)

J

t
I
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6ENERALO ELECTRIC

9980 [lO FUR_IAT(2,;,,'PURE 5TURAGE :PRIHARY AND 5ECONDAf_Y**4X_,°PHIT°_,6X'=
g'9't() 6 'RR ° ,I_X'b°WVLH° _SX' °t'/v° _8x_ °wDT° 'DTX+ °Hp° _8X_ tH$° tBx_ t ALPHA° )
lOI)OOC SY5"2
10010 1F (SYS,LO,2) FU= I •
10020 I F (FLleF Uo | • ) Hi';,F: 1 *
10030 IF (SYS,L,t_,2) EFPU:0e
10040 IF 15YS,Lt),21EFPH=I.
10050 IF" ( SYb. L.(_. 2 ) YM:YHP
lOOhO IFISYS,EO,2) FMED: 1,
10070 bO TO lt_O
IP.OBO 120 WRiT[(I6,130)
10090 130 FORMAT(2X,'SERIE5 HYBRID :PRIMARY AND SECONDARY°t4X,°PHIT t,6x,
I0100 & oRR',RX,IWVIR °,Sx,twv °`8X,°WDT °+ 7X*°WP''8X_tWS°°8X'°ALPHA° )
I0110C 5Y5:3
10120 GO TO 160
10130 I_0 WR) TE (la.,150)
10140 150 FORHAT(ZX,°PARALLEL HYBRID:PRIMARY AND 5ECONDARY°t4X,°PHIT °'6x'
1Ol50 6 °RR°_SX,°WVl R°_SX'°WV°'BX_°WDT°_TXt°NP°'8X'IHSetSXt°ALPHAt)
lOI6OC SYS-5
tOITO GO TO 160
10180 IbO CONT INUL
10190 REPSL (1) :ROEPSL ( I )
10200 REPSL (2) :ROEPSL (I)

102 I0 REPSL (3) :ROEPSL 151
10220 REPSL (4) =RO[.PSL (5)
102 ._0 RPLL ( I ) =ROPLL ( 1 )
If1240 RPLL (2) =R(;PLL (I)
10250 RPLL (3) :ROPLL (5)
10280 RPLL(4)=POPLL(5)
I0270 R 10--RI (1)
10280 RIS=RI (bY5)
102qOC
I030OC***_**_*_*** F I R 5 T oDO ° LOOP
IO_[OC
1032{I DE) 2nO0 TYPE=I_
1033_ RFPC.L.I(IYp[.)=f_EPSL(TYPF)*( RIS/RIO )_*EE(TYPE)
10)_,0 P_IPR (IYPF} =SLX_RISI2,1ETADIREPSLI (TYPED
103.50 pHI pp (TYPL) = iOOp,* ((,K - (GF*KPR*FHE (5Y5)) )/RPLL (TYPE)
103b0 iF (PHIPP ('[YPL) •GT oPFlI PR (TYPE))PHIP (TYPED =PHIPP (TYPE)
10370 I F (PH | I'),_( T YP[ ) ,, bT • PHl PP ( TYPE ) ) PHI P (TYPE) =PHI PR (TYPE)
10380 R_;(;5 ( 1 ) =P.HO_ ( 1 )
10390 R_iL)5 (?) =;_()E£. (fl)
10_00 KpSb-_'- IpH 11' (TYPE) *RPLL (TYPE| / lO00o ) - (FHE (5Y5) eKPR)
If)410 IF (KPSh,LT=O,) KP55:0,
IO_2N PHI _5 ( ) ) :KF'_5 _ lOO0® IRhO5 ( I )
10430 PHI._5 ( ? ) =KPS.h*TtIP/3.b/RHO5 (2)
10_,60 P_!155 (3) =PHI 5% ( I )
10_50 PH|.SS (_,)=PHI 55(2)

104h(_ IP (SYS,FO,,2) (_0 TO 170 1

10470 IF (SYS,LO,3) GO TO lHO 1
10480 IF (_YS,EU,5) GO TO (gO
1(}_90 170 A(TYPL )=ALPHA (SYS) J
I0500 IF (TYPE,Eg,2,0R®TYPE®EO,,4) A{TYPE):A(TYPED*(KP$5/KP)*SWCVT I
10510 CA (TYPE) --bAh_,iA (5Y5) t
10520 IF (TYPE,EQ,2.0R,TYPE,EO,4) CA (TYPE) '=CA (TYPE) ,_(KP_5/KP) _$PCCVT
10530 ALPHSS=IF(TYPE)
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10.530 ALPH$S_L F (TYPE)
10.5,.0 _0 TO _.oO
10550 180 AL (TYPE I =ALPHA (5Y$)
10560 IF (TYPL.EO.,2.0R.TYPE.EQ,,4) ALCTYPE)=ALCTYPEI,o,(KPSS/KP)*SWCVT
10570 CAL ( TYPI: ) --GAHHA (SYS)
105;_0 IF (1YPb,EO,2,0R,TYPEeEO,4) CAL(TYPED-'CAL(TYPED*iKPSSIKPIeSPCCVT
1()590 ALPttSS=AL (TYPF)
lOaOO Go TO2o0
10610 190 ALP (TYPE) :ALPHA (5Y$)
10620 XF ( TypI- ,E('J.2,0R.TYPE,EO,4) ALP (TYPED --ALP (TYPE) + (KPS$1KP.t*SWCVT
10630 C ALP ( T YHE ) = (_AHHA ( SYS )
106_0 IF (TYPE.EO,2.0R.TYPE.EQ.4) CALP(TYPE)=CALP(TYPE)_.(KPSS/KP),,SPCCVT
10650 ALPHSS:ALP (TYPE)
1o,6o _o TOZuo
10670 200 COI';T ) NUL
10880 PH ) T (TYI"E) =PHI P (TYPE) �x�¨�p�SS(TYPE)
10690 RR(TYPE)=RIO_( 2,mETAD*REP_L(TYPE)WPHIP(TYPEDI (SEXeR|O))
10700 & ,_(I.I(I,-EE(TYPE)))
10710 WVIR (TY_E) =1 ./(1 .- (ALPHSS_KP).-((I,+K)*PHITtTYPE)) )
10720 WV (TYPE) =V!l*v_V IR (TYPE)
10730 WDT IR (TYPE) :WVIR (TYPE) -I,
10740 WDT (TYPE) :WDTIR (TYPE) *WI

10760 WSITYPE ) =WV (TYPE) ePHI$5 (TYPED
10770 IF(NYLeLQ,O)GO TO 220
10780 IF(NYL._O.I)GO TO 210
10790 210 YL(TYPE):2,eDP*CLSITYPE)*REPSL(TYPE)f_PHIPiTYPE)*ETAD/YM/FU/HBF/$EX
10800 GO TO 230

IOH)O 220 YLII)=YLI (1)
10820 YL(2I=YLi (1)
10830 YL(3):YLI (5)
10_40 YL(6I=YLI (5)

10850 230 IF(TYP! ,,LO.IIWRITEiI6,24(IIPItIT(TYPE),_RR(TYPE).WVIRITYPE) _WVITYPE)_
10860 & wI)T(TYP(.') qW{-)(TYPE),,WS(TYPE),ALI_FI_)5
10870 2_0 FOQ_AT(17X_tLt:.AI) ACID/LEAD ACID*_FIO.3,FIOeO,FIO.2,4FIO.O'_,FIOeZ)
lOUHO IF(TYPI..EQ,2)WRITE (I6_250)PtIIT(TYPE),,RR(TYPE),_WVIR(TYPE),WV(TYPE),
10890 b v:DTITYPE) ,WPITYPE) ,,Wb(TYPE) ,ALPHSS
10900 250 FORt4AT(ITX,_'LEAI) ACID/FLYWHEEL ',FIO.3_FIO.O,FIO.2_FIO.O_FIO_)
LOgLO IF (TYPE.EO.3)WRITE(16_?_,O)PHIT(TYPE)_RR(TYPED.WVIR(TYPE).WV(TYPE),o
10920 (, tVDT(TYP['),*WP(TYP{:'T),WS(TYPE),ALPHS$
IO9)O 2_O FOPr4AT(IgX._°H] TEl<P/LEAD AC|D°'_FIO.3_FI0eO_FIO,,2_FI0eOtFIO.2)
10q"(,O 1F (TYI'[ ,EO.4) WR1TE (16_270) PHIT (TYPE) _RR (TYPE) _WV|R (TYPE) _V(TYPE) _ : ,-
10950 & _DT(TYPE),WP(TYPE) _WSITYPE) _ALPHSS
10960 270 FOR_AT(ZOX_°Itl TEMP/FLYdHEELO_FIO,3*FIO,OtFIOe2_4FIO,O_FIO,2)
loqTO 2000 CONT|NUE.
10980C
10990C HEADER FOR DRIVELINE COST
11000C
i lOlO WRITE (16,280)
11020 280 FOI_tAT(ZX_III)
_I030C ECOh0HI C MODEL

11040 CPP$ (1) =CP (1)
1105OC LEAD AE|IJ
11060 CPP_(2I'CPI) )

2=25
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L|070C LEAD AC|U
||fldO CPP$(3)=CP(5)
11090C LI 5
11100 CPPSI_)=CPI_)
IlllOC LI S
11120 CSPS(l)=CP(l)
11130C LEAD ACIU

_, Ill40 CSPS(2)=CP(6)
II150C FLYWHEEL

4" lllbO CSPS(3)=CP(I)
_. |II_0 CSPSI_)=CPIb)

= II 180 WRI TEEII,,290)
'I II190 Z90 FOP_*ATCZX,eDRIVELINE COSTS °)
_: 11700 WRITL¢LO,3LO)l

:f 11210 310 FORMAT(ZX_°PRIHARYg_TLT,tPR;HARY_,T30_°SECONOARY°11220 & *TkS_Ib_.CONDARYt,TbS*°TOTAL°*TB4,°|NCREMENTAL°_TIOO,°EHV °
_l 11230 & ,/,4X,tTYPEm,TLq,°COSTW_T33_tTYPE6_T48,mCOST !

:_ 11240 & ,TbO,e_R|VELINE COST*,TR2,'DRIVEL|NE COST'*TIOO_eCOST e)
(_ 11250C

_ llZ60C ****_**_ b E C 0 N D *DOo LOOP, ll2TOC
1 11280 DE; 2001TYPE=I_

t lL2gO IFISY_.EQ,2IGAVMSS:CAITYPE)| 1300 |F (SYS.EO,3) GAHrlss=CAL (TYPE)

_l 11310 ]FISYS,_O°SIGA_'NSS=C_LPITYPE)

1132OC" PRI_A_Y t051 PC

11330 PCITYPE)=_VITYPEI*PHIPITYPEI_CPPSITYPEI*lle*OHUP)11340 CtCH=(_V(TYPEI*PHIP(TYPEI*REPSLI(TYPEi*UBCC_(L,*OHUP)I I 1000.
._ I1350C SECOr_t)ARY COST SC

11360 5C(TYPE)=_V(TYPE)*PHISS(TYPE)*CSPS_TYPE)*(Ie*OMUP)

i 11370C BATTERY _OST bC
11380 BCITYPF)=PCITYPE)

_, 11390C TOTAL DRIVETRAIN COST COT
11400 CDTiTYPE)=PC(TYPE)_SC{TYPE)_(_V(TYPE)_KP_GAMN$SI*(Ie_DNUP)

-i

iJ
-_ It_lO & • CICH

oi

11420C CO_;VENTIUt;AL COST CDTO(NEAT ENGINE+TRAN$)

ii' 11430 CDTO=_VU*KPC"(SPCHEeSPCTRN)e(|e*OHUP)i II_¢OC THE INCRkNENTAL DRIVELINE COST CDT!

i



GENERAL0 ELECTRIC

11450 CDTi(TYPE)ECDT(TYPE)°CnTN
ll#eOC c05r OF ADDITIONAL WE|GHT OF CAR AT AWC$/LB
11_70 DELCHITYPEI:K_PttIT(TYPEI*WViTYPE)eAWC*II,_DMUP)
|1480 IC(TYPLI=CDTXiTYP_}-BCITYPEI*II,-USVITYPEII
1|490 DELCDTIIYPEI=IC(TYPE_DELCWITYPE)
IlSOOC
llblOC EVALUATE CHLV5 & NLDF (|F NLOF NOT EOLIAL TO I BY USER)
I1520C
11530 |FINLDF.tIE.Ie) NLDF= (2,*NS-NF*I,)IINS*Iol
llS40 CHEVS=_LCDT(TYPEI + (CCV'CDTOIO(I,*VICFt
I1550 CEHVITYPFI=CHEVS • BC(TYPE)_II=-_VITYPE))
11560 I_E:(I_-TX).IR
11570 FF=NF*IRE/II,'(I,*IRE}**I-NFI)
11580 FFO=FF _ (DI_-IFII(I**IF)
llSqO FFI: (Io+DR)/(I**IF)
l|bO0 FRCS=FFU / ([,-I'Flm*(-qS)l
IIbLO FRCU=FFU / (I.-FFI**I-YL(TYPE)))
t 1620 CP'.tEOP ( 1YPE ) :O|(10, IYM* ((FRCb*NLDF*CHEVS) *
lib30 6 (FRCI3_ (I.-i_SV(TYPE))*GC(TYPE) ) )*(I.*ST)
I 1O40 DRThL() ( IYPE ) =CPHE(;P (TYPE) / lOOe/(WI/2000,)
llbSOC DPKHHE:DtlLLAP5 PER KILOWATT HOUR ELECTRIC 1
ll_bOC DPT_EL=DULLARS PER TUN NILE ELECTRIC -.;
11670 DPTHF.L. IFYPEI=(_V(TYPEI/NII*DPK_HE*((FU_FMEO*SEXU*II,-EFPUI/ETADI*
llStlO 6 ((I,-FU)*SEXH*(Ie-FFPH)/ETAD))/CHEF
llbqOC
11700 FRCV: FPO / (Ie-FFI*_I-NSCV))
I1710 DFCV:(2**NSCV-HF*I,) / (_!5CV �À�I1720 DTNCV=(PRCV*OFCV_CCV*(1,*ST)) / (YHtWl/2000=) i

I1730C
I1740C LRC = LICEr_SE AND REGISTER FEE

I1750C FINE : FIXED INSURANCE COST !
I1760C ICF = INSURANCE COST FACTOR
11770C t.tCMO : _AIPIINEtICE COST PER NILE FOR CV
117_0C HIFHV = NAINTINArICE IMPROVEMENT FACTOR FOR HYBRID VEHICLE

I1790C i
llRO0 ADCHV=LNC*FINC*ICF_ICHEVS+BC(TYPE))
llSlO AOCCV=L_C+FINC*ICF_CCV ,!
llB20 HCHV:,01*MCHU*YN*(I,-NIFHV(SYS)) .'_
1|8_0 MCCV=eOIeHCMOeYH I
ll_OC
1 IBbO N_CddG ( IYPE ) =DPTMLO ( TYPE ) +DPTHEL (TYPEI
ll_bO _ - (_Tt'_CV _ (ADCHV-ADCCV't4CHV-NCCV) / (YM*W|/2OOOe)
I IR70 IF (FLJ.FO. I* ) HPC.=;4PGU
I1880 IFIFUeP;_I,)_IPG=_lPGU*NPGH i (FU*HPGH * (I.-FU)*MPGU)
I I890 5FXHCV= JSo ?/NPuI,_I _2000_
| 1900 DT_G=(,PU/I,IPG/vVI*2OOOe
IlqIO OH_UPG(IYP|_)=®03 * ( 5FXIICV*_vVO/N| -
llq20 & _VIRITYPE)*( FLI*FMED*SEXU_EFPU I (ETAEUmETANI *
llg30 & (I,-FU|_bEXHeEFPH / IFTAEH*ETAMt119_0 & FU_IIe-FHED)*SEXU / (ETAF_ETAEU)) I

llqbO BEUP(_(TYPE)_t_hEUPG(TYPE)IDB[:UPG(TYPE)
llqbOC _EUPG:PREAK FVEN UNiT PRICE eF GASOLINE
I|gTO IFtTYP_*tUetl_RITE(lb_3_O)PC(TYPEI,SCITYPEIeCDT(TYPEIeCDT|(TYP_|
llgBO _ .CEHVtTYPE)
ile90 320 FORNATIZ_*PB_ACID*eTI7,FIO_O*T30_*PB-ACID*_T_5_FIOeO,T60_FIO,O_
|2OO0 & T82_FIU_O_TqStFIO.O_

-)

2=27

00000001-TSC07



UEHERAL_11 |LECT_IC

12010 1FlIYP[.lQ.2)WRITEII6,3301PCITYPEl,SCITYPEI_CDTITYPEl_DTIITYPEI
121)20 _ _CEHV(tYPE)
12030 33N F_RHAT (_X i °P6_AC lOo ,TIT ,FIO.O_T30, °FLYWItEELt .T62,FIOoOtT60_F 10.0o
12040 b TA2 _[ 1().0,_95 ,F10,O)
12020 IF(TYP['oEn,3)_IRITE(16,340)PCtTYPE)_SC(TYPEI,CDTITYPE)_CDTI(TYPE)
120h0 & qCElIV([YP()
12070 340 FORMATIZX,°LI-S°,TIT,FIO,O,T30,°PB-ACIDttT45,FIO,OoT60_FIO,0_
12OB0 & TB2,FIO_04T95,FI0,O)
12090 IFITYPF..Et_o_)WRITEII6.320)PC(TYPE),SCtTYPE}qCDT(TYPE)_CDTI(TYPE)
12100 6 ,CEIIV(IYPE)

1212012110 350&F_R_1A_2X_oL_otT_F_'_`T3_oF_Y_HEELotT4_F1_'_oT_F_0_2`F_'_tT9_F_'_
12130 2001CONTIhU_
12140C
12150C tt_AOER FUR _REAK EVEN GAS PRICES
12160C
12170 WRITE(I_,_60)
12160 360 FORHATI2Xt///)
12190 W_ITE(I6_370)
12200 370 FOR_AT(2X,°UPERATION COSTS AND BREAKEVEN GASOLINE PRICES*)
12210 WR_TE(Ib_3_O)
12220 380 FDR_AT(TS�,'GAS BKEV',TTO,°OPER COST EO&ELO_T87_°HV GAS-PO °
12230 b ,TIO3_'DRIVE CHARO)
122_O WRITE(I6,390)
12250 390 FORMAT(ZX_OTYPE°,TIq_OOELCOT_,T27,OUATTERY COSTO_T40_oOPTMEQe_
12260 & _TSO,°UPTMEL°oT61t°S/GAL°,TTOtOCTS/MI°tTBOt°S/YR°_T�O_
12270 6 t$1YRe_TIOIt_LBIKW°tTII2_°$/KW°)

12260C
122_0C*_**_****_*_* T H I R D °OOO LOOP
12300C
12310 DO 2002 TYPE=I,4
12320 IF(SYS,_O,2) GAMHSS:CA(TYPE)
12330 IF(SYS_EQ,3) bAMHSS=CAL(TYPE)
12340 IF(SYS._O,5) GA_tMSS=CALP(TYPE)
12350 IF(SYS,LO,2) ALPHSS=A(TYPE)
12360 -IF_SYSo_(_.3) ALPHSS=AL_TYP_)
12370 IF(SYS,L(},5) ALPHSS=ALP(TYPE)
123R0 GCPMHV=U_
123_0 IF (FUoEQ, Ia) GOTC 145
12400 GCPHHV={)PO*(WV(TYPE)/2OOO,)/(36,63_ETAM)
12410 6 ( 5EXU_FU*FMED_EFPU / ETAEU * 5EXU*FU_(I®-FMED) / ETAEU
12420 6 S[XH_(I,-FU)*EFPH I ETAEH )
12430 145 COf_TltlUb
124_0C
|2,.50C CALCULATE UPERATING COST PER M|LE (CENTS/HI)
12460C

1Z470 OPCTEHV=IO0®*( (WI/2000,)_(DPT_lEO(TYPE) TYPE))* ._
12480 & (ADCHV*MCItV)/YM * GCPMHV )
12_90 OPCTG=lOO._( (WI/2OOO,)*(DTNCV_DTMG) • (ADCCV*MCCV)/YN)
1250OC

1251oC CALCULATE TUTAL ANNUAL OPERATING COST (S/YR) TACEHV :_i
1252oc :_
12530 AOPCG=G_PMHV*YM
| 2540 TACEI IV :OPCTEHV* ( YM/100_ }
12550 AOPC |:(_ =TACEHV -AOPCG-ADCHV-MCI4V
12560 TACCV:OPCTGeIYM/|OO®)
12270 AGCCV=DTMG*(_I/2OOO®I*YH
i2500 |FITYPE®FO_I)Wt(ITEII6_4OO)DELC_T(TYPEI.BC(TYP£),DPTMEO(TYPF)_
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12590 & OPTNELITYPE).BEUPGITYPE),OPCTEHVoAOPCEQEtAOPCG_ALPH_StGAMM$_
12600 400 FORMAT(2X,ePB-ACID',TtStFIO,O*T26tFIOeOtT37,Fqe3*T4ToFg*_

12610 & ,T57.Fq.2_T67,Fge2,T77,Fqe2_TB7,Fqe21Tg7,Fg.2_TIOT_Fg*21
12620 lF(TYPE.IQoI)wRITE(16,*.IO)
12630 410 FO_L1ATI_X,ePII-ACID ')
12640 IF (TYPE .[ qeZ)v;R ITF ( 16,420)DELCDT (TYPE) _RC (TYPED qOPTMEOITYPED
12650 G _PT_'rL(TYPE),BFUPGITYPI.),0PCTEHV_AOPCEOE,AOPCG_ALPHSSeGAMMSS
12660 420 FO_'4ATIZX,*Pt_-ACID*.TIS,FIO.O,T?6_F10.O_T3T_Fge3,T47'Fg*3'T65
_.2670 & ,TST,Fg.2,T67,Fg.2,T7T,Fq.2,TBT*Fq®2,TqTtFg*2,TlO7_Fg.2)
|2680 |FITYPF.FO.2)WRITE(1&,430)
12690 430 FO_HATI_X,eFLYWHE_L I)
12700 IF(TYPF,EO.3)_RITE(I6,_40)DELCUT(TYPFI,HC(TYPE),DPTMEO(TYPE),
12710 & Op T_EL (Type) __EUPG (TYPE) ,OPCTEHV _AOPCEOE _AOPCG _ ALPHS$,GAM_$5
12720 _0 FOR_AT(2X,_LI-S/PU-ACID _*TIS_FIO'O_T26_F10®O'T37_F_e3_T_7_Fge_
12730 & _TST,Fg.2_TbT,FQ.2,T77,Fge2,T87,Fg.2,TgT.Fg*2*TIOT*Fg*2)
12740 IF(TYPE,Fqe4)_RITE(Ib,450)DELCOT(TYPEI,BC(TYPE),DPTMEO(TYPE)*
12750 6 DPT_FL(TyPE),BEUPG(TYPE),OPCTEHV,AOPCEOE_AOPCG_ALPHSS*GAMM$S
12760 _50 FORMAT(2X)'LI-S',TIS,FIOeO_T26_FlO.O_T_T_FG.3*T&7_Fg*3
12770 & ,T57.F_e2,TbT,Fge2,T77,Fge2_T87.Fg.2_TgT_Fge2_TIO7_Fg*2)
12780 IF(TYPE.EQ.4)WRITE(16_460)
12790 460 FORHAT(ZXt_FLYHHEEL ') " '
12800 2002 CONTINUb
12810C
12"20C OUTPUT ENERbY CALCULAT|0NS IF ECON=I
12830C
12H40 NTYPE=4
12n50 IF (ECON.EO.I) CALL ENCAL(WV(I),NTYPE)
12860C
12_70C OUTPUT cor_vENTIONAL VEHICLE STUFF
12P}0C
12 90 CALL CONVP
12900 RETURN
12910 E'ID
12920 5URROUTINE ENCAL(WV,NTYPE)
12930C

1295OC $ U . R 0 U T | N E E N C A L
129_"C''''''''''''''''''''''''''''''''''''''''"

12q70C
12'_80 DI_ErI$IOtl WV(I)
12990 REAL KPC,DTHG_COTO
13000 lqTE_ER IPTO rlSY,NBC IPSU,NYL NSY5 NBCS
13010 I_TEGE_ _CON
13020 REAL _PbU,_PGCR
13030 REAL RO_PS,ROSPP,ROPP$,ROEPSL_ROPLL,ROES,RHOSS_BDPKWH*CP_CL'_YL|
13040 REAL KP,HPGH,K*DP_RI
1305_ REAL DRiIR,TX_KPR,SWCNT,SWMG,SHCVT*$PCCVT
1t06_ REAL IRE ""

i

I,
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13070 H_AL IF*LRCtICF*HCMO=M|FHVQNLDFeNSCV
13080 | t_TEC,ER TYPE* 5Y_,rYPESE, 5¥._5E
13090 D|MEN_IUN GAMHA(6),I_DF(_I,ALPIIA(6)
13100 DI_'ErlSION ROEPS(5),RO._PP(L),ROPPS(SI,ROEPSL(5),ROPLLISI_ROES(_)
13110 Ol_:E:iSlOr_ RtIOSS(5) ,BDPKNIt(6) .CPtb) ,CL(S) ,YLI (6) tEE(S) eBSVISI
131_0 DIKLhSIUK R| (hi ,FHE(6) _F5516)
13130 DIPE_IOh M|_t-lV(6)
13160 COMNtOH Ilh|TV/SYS_TYPE*KP*ETADtH|,DK*CW*PW*KPC*
13150 6 5PCFI[,I It'lP,5[XU,=SEXHtEFPHI ,L,FPUI ,FUI oBSFCU,IRSFCl4,
13160 6 5PCMG,bPCGEN*$PCCNT_SPCTRN,,DPKWHE,ETAM,HOFI_SWENG,NYL,
13170 6 5WTRN,AV_C*GPO,HPGUtHPGCi_qCHEF,t4PGH_IPTO*NSYtNBC,IPSU_
13180 6 ROEPS,NOSPP,HOPPStRt3EP$L*ROPLL*ROE$,RHOS$,t3D_K_JH*CP_CLtYEI*EE,
13190 6 FHEtFD I'*FS$,YMItDp*NSYS,NBC$oTYpESE'SY$$E,RI*GFtGK*CN*
13200 6 DR* I R *NS*NF *TX*KPR * SWCVT*SPCCVT ,SWCNT*$WMG*5_GEN

13210 & ,FMEC'I,ETAPP*ECON*IF*NSCV*VICFtNLDF,$T,DMUP_CCV
13220 & ,_IIFHV*LRC*ICF*MCMO*FINC,UUCC,BSV
13230C
132¢0 CO_tHON /INITM/$EX,WVOtETAEUtETAEH,WDTO,GAMMA_YMP,ALPHA
13250 COMMON /INITSICDTO,DTMG*SEXHCVtOPCTG*TACCV,AGCCV*EFPU_EFPHtFUtYN
13260C
13270 F_IED=FHED|
13280 IF(SYS,EQ®I=OReSYSeEQ*2) FMED=I,
1329OC
13300C END OF REAL/INTEGER/DIMENSION/COMMON STUFF
13310C
13320 W_ITE(16,95)
13330 95 F3R_tAT(ZXt/I/)
133_0 wRITE(16,100)
13350 IO0 FnR_AT(ZX,tEhERGY RESULTS:**TZS,*CEUM(KWH/MI)_T_O
13360 6 ,'CLH_l(KhHIMI)_*T55**DLGLU(GAL/YR)**T?O*tDLGLH(GAL/YR) _)
13370 DO 1000 I=I,NTYPE
13380 EELU=tWV(i)I_O00,)*(5EXU*FMED*(I,-EFPUt/(CHEFeETAD*ETAPP) )
13390C
13_OO DLGLU=(WV(I)/2OO0,)*( 5EXU_FMED*EFPU/(ETAH*ETAEUI
13_10 6 5EXU*(I,-FMED)/(ETAM_ETAEU) ) - 36.63/MPGU
13_20C
13_O OLGGU=DLGLU*FU*YM / 36,6_
13_OC
13_5OC
13_6OC IF 5Y5:1 OH 2 THEN NO CALC FOR HIGHWAY
13_?0C
13_80 EELH=O_
13_qO DLGLH=O,
13500 OLG_H=O®
13510 |F¢SYS,L_,I,OR,SYS®EOo21GOTO 200
13520 EELH:(WV(II/2OOO.)e| 5EXH*(I,-EFPH)/ICHEF_ETAO*ETAPP) )
13530 DLGLtI=(WV(I)/2000,)* (5EXH*EFPHI(ETAH*ETAEH|) - 36e63/HPGH
135_0 OLGGH=DLGLHe(I®'FUIeYM / 36*6_
13550 200 COhTINUk
13560 CEUH:E_'.U*DLGLU
13570 CEHM:EELH*DLGLH
13580C
I_590C

NNNNNAA '2Tc, n



i"*: GENERAL _ ELECTRIC

I , t3tdlO _IPlTE(Ib,_I05) CEUM)CEHM,DLG(3U)DLGGH|1_- L_ t05 FOiiMAT ( I _5,F lOo 3,T40,F |0.3 _T55 ,FB, ], ,TVOtF8,1)

1 3h2uC1)630 100n COr._TINUk
l 130_,0 HE TURI'I

i 13(_b0C
13_,70C *** _m))o***** 0)**** _****_**)_0),e******* *****
13o,qoC fl L O C K D A T A $ U B P R 0 G R A M

IaTO0C
13710C TO SET UP INITIAL DEFAULT VALUES

r d 13720C 4130/79

137D0C
13740 BLOCK DATA
13750 REAL KPL)DTt'IG _CDTO
13760 REAL IF,LRC,ICF,MCMO,IqIFHV,NLDF,NSCV
I)770 iNTEGER IPTO,NSY )NBC )IPSU,NYL )N$YS)NBC$
13780 I_;TEbER ECON

1 13790 REAL MPbU,;.IPGCB
13800 REAL ROkP5 )PO$PP )ROPP5 oROEPSL )ROPLL )ROE$ oRHO$S oBDPKWH_CP )CL tYL I

*)

1
s_

I 13,t110 REAL K.P,l_'PbH,K ,Ytl,DP, R I-; 1382.n REAL DR, In ,TX ,KPR ,SWCt|T ,SWMG, SWCVT SPCCVT
i " _ 13B30 ItJTEGER TYPE_SYS)TYFE_F)SYSS(

_ 13_,0 DIr.'E_ISION GAt.I_'tA(6))FDE(B),ALPHA(6I
_. 13U_O DI._;EIiSIt)NROLPS(SI,_OSPP(S))ROPPS(S),ROEPSL(S),ROPLL(5))ROES(b)
J

._ 138OO DI:4E,qSIUN RHUSSIS) )BOPKHH(b) ,,CP (I)) ,CL (5))YLI (6) *EE(5) )BSVIS)
! 13870 DIr,'E/L=SIUNRI (b) ,FHE (6I ,,F5S(6)

..!;_ 13B80 DI_E';SlOti MIFHV(6)
' ' 13t19OC

° [;)QnOC***e CO,U._._ON_LOCK5 ARE SET UP FOR USE IN THE 5Ut_POUTINES

_.iiI 13910C**** SEHYPR) CONVP, PRImaRY, PSECDY, Et_CAL, 13o2nc**** CO'.:ON "IhlTV" RFFF.R5 TO VARIAI_LES FROM INPUT DEVICI:

:iI_-I 13q30C*_* CO"I_'._ON "INITM" REFE_5 TO VARIABLES INITIALIZED IN MAIN13o_,OC*))** CO_4_()N "lhlTS" REFER5 TO VARIAILES INITIALIZED IN SUBROUTINES
_ 13v5o.C
:"I 13c_60 CO_._lo.t,lI INI TVISYS,TYPE ,KP,ETAD,WI ,K ,CW,PW,KPC,

. _.1 13¢_70 G 51)C)IIL,IMP,SEXU,SFXH,FFi)HI,L.FPtJI,FUI,BSFCU,_BSFCH,
=%_ I _gliO _ ¢_P(.'40 ) bPCGt_ h, SPC( tit , 5PCTRI; )DPKWIII: ,ETAM )HJ)F I '_SWENG )NYL )

'{_'1 I3qgO fa 5WTRN _At'IC ,GI)U)flPGU ,,41)GCH _CII[TF ) _'IPt,F_, IPTO,NSY, ttlJC, IPSU)

14000 (, ROEI'.'i,HOSPP ,ROI)PS,ROEI'SL ,RUPLL ,I_UES,RHOSStlt_)I)KWHtCP,CL,YLI ,EE,

I_)010 b FHF,FDk,F$5,YMI,DP)tISYS)NBLS,TYPESE,SY$.SE)RI *GF)GK*CM)1_O20 & DR,IR,NS,I'iF,TX,KPR)SWCVT,St'CCVT,St, JCNT,SWMG,$WGEN
[4030 & ,FHE[)I )I_TAPP,FCON,IF,t_SCV,VICF,NLDF,ST)Df4UP)CCV

1 I_.O(,0 C;)_'.MONI Il_iITM ISt"X, WVO, F TAt U, E TA[H, WDTO)GAMMA )YMP )ALPHA

I

i, ii.
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6EHERALO ELECTRIC

A_4J_O C_rIM_N /ltlIT_I¢I,1U,D_;4_%fXH(;Vt(:PCTGoTACCV,AGCCVoEFPU*EFPH*FU*YR
16nuo¢
14090 DATA ROEP5 II_,t27,,30**_0,.50.I
|_100 DATA RO_PP 145,,650.fl_..45.,_5.I
|4|10 DATA ROPP5 155,.75..95_.5|I**B0.I
14120 DATA RDEPSL 12D,4311.*3_*.33.*_5.I
14130 DATA RDPLL 145**6_.,ASe*45*t65_l
L6|40 DATA _O_S I0.*_**0,,0.*0,*7.I
14150 DATA RHUS$ I150.,200.*|50..60.*_0.I
|61_0 DATA DDPKWFI 15D**SO,tbOoihO_*40**400*l

L4170 DATA CP 10.95,1.45,|.8t|.8*2.|.2.81
'14lltO DAtA CL lfiO0**_O0_,50(i_*lSOO**800*l
14|_0 DATA YL| 15._5®*3.+6.*5.*|0"I
I_200 DATA EE l,2h**26+*lS**IH*e2Dl
_42|0 DATA BSV /Se,|O/
14220 DATA HIPHV 1,25,,25..25.,25_,_5*.251

14230 DATA A| /75.,_5o,35.,35,,35,_35./
14240 DATA FHL I0.,0,,,33..60.,60,.331
|4250 DATA FD_ 11o*Io_1o*.4..4,|*I
14260 DATA fS5 16"0.1
14270 DATA CWePWtKP*WI 1215D._300*,0.O28*24500/
142HO DATA ETAI_ETAPP /.B0*.351
14290 DATA A_L_K_YIII,FUI,FMI.DI,SEXU*SEXH Iv62*.3,11852***65**75*®X2t*_271
14300 DATA EF_UI*EFPIII*DPKWHE,GPO 1.25.®g0,.042*1.01

I_3IO DA;A SPLHG+SPCGCNtSPCC_T 120.,8..6.TI
1_320 DATA H_I,CHEF_(_SFCUtbSFCH,TMP II,2..75,.55..60_30.I
14330 DATA DR*IR,_;S,NFtTX 1.0q,,12,12.4,.251 "'
|4340 DATA IFtST,DHUP,NLDF I.U7_*05,_3,0.I
14350 DATA KPL_S_ENG,SWTRN 1.028,6.*I.21
14360 DATA SPCHE,SPCTRN,HPGU II0_.2.5.22.I
1_370 DATA MPbH_MPGCB,CCVtNSCV /32,,26.,5700.*10./
|_380 DATA MCMOtLRCtFINC*ICF /2®,35.*125**,01/
14390 DATA ETAMtVICF,ECON I0.9,®05,11
14400 DATA NB_S*NBC_N$Y$,N$Y ll*_,l*61

l_410 DATA SWCNT,$_HG_S_GEN_UHCC II,5.I0_.4.,14.1
14420 DATA CH,NYL 12.*li
I_30 DATA SYbSE_TYPESE 16,11

I_40 DATA |PTO_IP$U II*II
|_650 DATA $_LVT,SPCCVT 12.25_3_31
1_460 DATA GF*GK*KPR_DP 1.7,.011.*03..81
14_¥0 END

$ NOTE FILENAME LD$DATA
$ NOTE LABELS- ASI$,R(LB)
$ NOTE TAUblSETTN_5- ASI5

i

t

i

, :- ,"- ,, :,,,_ ! - "' ' '' _. - ' ; , ' ' _.,- , ', _,, ",_ .... _ ', ,,:
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GENERAI,_4_ ELECTRIC

Section 3

_. HY6RI_ VEHICLE SIMULATION P_OGRAM (HYVEC)

3.1 HYVEC DESCROPTION

Thi_ seetion contains a description and li_ting of the compu_

ter program that was used during Phas_ I to simulate vehicle opera-

!.. tion.

The computer program (HYVEC) was developed to simulate second-

by-second o_eration of the hybrid vehicle over urban and highway

driving cycles. The program was used extensively in the Design
Trade-Off Studies (Task 2) to evaluate in depth the hybrid power

train configurations which were identified as the most promising

in the first screening. HYVEC was also used in the Preliminary

Design Task (Task 3) to update the hybrid vehicle energy-use and

1 performance using refined component characteristics and vehicle

1 weight projections. A complete listing of the program is given in
1 Section 3.2.

A schematic of the HYVEC calculation procedure is shown in

Figure 3.1-1. As indicated in Figure 3.1-1, the calculation for

a particular driving cycle is performed starting at the wheels and

working from component-to-component through the power train until
the fuel and/or electricity needed to drive the vehicle for each
increment of time is determined.

Detailed models based on experimental data and analysis are

used for each of the power train components. For the electric

_ drive system, motor voltage and current are determined and used

_( as inputs to a battery model which describes the battery in terms
of terminal voltage as a function of battery current and state-of-

charge. Battery state-of-charge is expressed as the ratio of the
i_ Ah-used _o the cell Ah capacity at the time-averaged discharge
,_ current. All the electrical power train components are modeled

) using scaling factors which permit the component sizes (ratings)

_! to be changed without altering the basic inputs to the program.

.! The electric motor is described in terms oi_ its continuous rated

power, base speed, and nominal rated voltage and flux. The bat-

tery is described in terms of cell Ah-rating at the C/3 rate and
: the number of cells in each battery module (i.e., nominal battery

_} voltage).

i The mechanica_ driveline components, the heat engine and trans_

fill1 mission, are modeled in a conventional manner. The heat engine is

described by its maximum Fower and _pm. Fuel consumption and emls_

sions characteristics are input as maps of bsfc and bsem (brake

specific emissions = HC, Co, Nox, part_¢ul_tes) as functions of

pc_cent Of the maximum power at that speed f£ae=
' t_on. The muitlspeed ge&gbOM t_ansmissions are _s_r_b_d in te_s

00000001-TSC14
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!_i! of the gear ratio and efficiency in _he various gears and the pump-!- ing losses if the gearbox is hydraulically shifted. The steel-belt
i CVT is described in terms of the maximum reduction speed ratio and

ilil the maximum overdrive gDeed ratio. Fr_ction and pumping losses are, co_ined into a single, speed dependent loss term for the CVT.

I The control strategy for operating the hybrid power train is
.i described in HYVEC by a series of statements which specify under
.... what conditions the engine is on, what fraction of the power re-

i quired is supplied by the electric motor, when the gearbox should

;,! be shifted or the battery charged, how the accessory loads should
I be met, etc. Development of the control strategy for the hybrid
i vehicle was a key part of the Phase I study and the HYVEC program
!_!_ was an important tool in that development.

_ _ The HYVEC program was also used to calculate the maximum effort
_ acceleration performance of the hybrid vehicle. In that ualcula-
_ tion, both the heat engine and electric motor are operated at the

° I maximum power (or torque) attainable from them at each vehicle
spead. The gear shifting strategy is such that the motor and en _

!-_ gine are permitted to operate much nearer their maximum rpm than
-_I in usual driving. Particularly for the heat engine, this increases

_i_I' the power available at moderate vehicle speeds. The maximum power
_ attainable from the electric drive system depends on the state-
:_L of-charge of the battery. As the battery charge is depleted, the
_ I voltage droop of the battery increases at high currents and the

L_ i maximum power the battery can provide becomes smaller. Maximum

_ effort acceleration calculations at specified levels of battery_ state-of-charge can be made with HYVEC.

;l

i1

t
I





GENERAL0 ELECTRIC

3.2 HYVEC LISTING

2.OC *tR._**_ rtYhRJi) V|HICL[ PERFRtv_'Ah(| %I_"ULATI()N PROGRAN *********,N.*e

6OC [ N(..LUI)[ rlYI-)l-' [
70(. I N(,.LIJDI HY[')h'2

llO & WMMX ,{_T,C'_'.'_L,R| (-_FN, hC Y( ,_'ITYk_,Vt (_N,Vl:_(H_, MV *VW INI)_CH(_REF ,
120 b L',C_'IX,_H_ °"_,t_TYP •TTYI'*I_F)_T,I_(]• IPP T S,_ II)LLM*CI_rJLl, |E_ IZ _
130 C, C TY[)_G_t',_ TYP __)SVFL _ I(_(_WN_t)CTYI',{')ibT _vMODE _NTMTR _ICEF_" _
l_O b K P,;)FL ,f'FM,PF FW,P.IFF_,F_U, TbP,_bP,KOL ,CROL ,CROL2, IA(.CFL, IF IL _,

i50 b ("5P •TP _.P,F V_SF,MFPT ,;'_("H_I_Mf_L,KNq:__K TP ,WF WMX, ATEMP ,RHOF _Vr_'II_'I ,
lbO b ACTYP* iFA(,.,|_'.%_|ALT _ IA(I,I_H _DIIYP _PRAT _ IE_F, JV_HL _ ITR |P _
170 b F IDLF ,w IDLL,FSTRT, 5H| FT *SHI F TA,(,RATS,NIH,JENG* JMTR*W JDLFA,
IR6) b FP(.P, It(O'_,t')(.VAL,I !felT_I_SE( _FibPC tFTI)CMXR,HCMXR,IJSPN _HSErI
[90 _, '_PF_'IX_SPF"_[!F()I'_L)X_EF(JHC*_FOCO_CT(..T_TCHWOtETON_ETOF_SPFRA
200 6,IAU_,IA()N,ITCD,IVAC,TSEh(,,W_F*QHEAT,U(.ONST,IEAT,IHD_PTLOb5,

210 bLWk _CFF , I[ m ,PFLOb5 •SNFIA,R55, PHI"P"AX,JAC(.EL ,CCC, 5ACC
Z l l b • I(.VT_E_CV!_WE ACT _(}[}R•RR, PF_._IN•PF _'_AX

220 NAt'IEL lST/I r'_Z/FXPC},CK_.ATT,VU, _R _XS,_R _F_.'i•
230 &L_K3 __K I_F._K£,hI(.FV,I_KW_E NW, ENF, HKF ,FNC

2_0 bE MC I •t'"IC2 •_'L'AC•PHl AC •VOLTAC •VAT AC

25OC

260 NAr'IELI_T /JhY/NF,,_W,WWF [,vJW()bI,RRA_RkF,RRL,AKT_AKV,WDAT,AFCr:AX
270 b _RST l•RST2 •AA(.MAX _t_HD1 •I_IH_2•i_tIb3•_.FFO •AFM |tI•TOLR •FEFF _ [ALt_•RCI'I_
2RO &,WW(.P, JELl L ,ITR,55,E I I,Hor_E •ARTuRN •FTURN,PLOGIC,P'_CON,RCN/,PH

290 bL{)N, PCHRG, L)_OT I ,%( ,WF_ASF ,VL_A_L, FBA_F ,VPH I,VWEL,VAT ,ALPHA ,L}ETA
300 b •Vt,Ab_ l •IT_'.AX,W_-IASE[, I(_AbF |, IhASE,NS,NP •FP.ASE I ,UAHC,FLUX I,EF_OTO

310 & •LURLL)W _E [.VFH _Nb2 ,NP2 ,UAHC 2, IHTYP,NC 1 ,NC2, IFI5_I[ITYP, VCNZ _VCNF
320 REAL YTE_'v (20)

330C **************** INITIAL SECTION **_*********

3_0C i

_50 DATA TTYP/I/I_TYP/L/NCYC/I/VN/O,/V()/O,/5_VEL/2*50•/ 1
360 DATA IKNTILIITR|PIZb*OIITROCI_*OITACIO,IITR_UMI25*OIIllOITS512_IO,I
370 DATA DPRT/b,/HCMX/®HS/[_CMh/,_/KM/(},/IF ILIOIEMI,71NDI,QB/IAI I o l'I
380 DATA SIO,/L_V'HL/,5/DT/|,IWE_4X/5OOO,.'WI_r_X/SOOO,/IFSF/O/EONIII "
390 DATA CTYPILIETYHIL/t)CTYPI_I_.'TYRI[IVMODEIZ(_oI[Ai21oooI[INIT/L/
400 DATA I'O0_hI_IREbENIOII-UEL/O,IAIO,IbRMIL,_/IEIFIO/WFWMX/O,IIHS/OI
410 DATA NTH/,_5,,gb,,q7,_gBISHIFTI20,_4Oo,_Oe/SHIFTA/40,,70_,IIO,/
_20 DATA VEL}NIZ(J,IITII()IVGCdN/I(_olIHCF/OIMHIO,IIF|L210/CROLIIL,/_F-31
/_30 DATA IC/I/I(YC/L/TIO°IDI_..TIO°IERGLhlO,IDTTYPI|/PRATIO,IIALCEL/I/

_O DATA IRRLff';IOIT{}II°[ IO/TNIEF[-IO°ITEE_':GIO,IIMONIO/IEONIOIJENb/°07/
/_50 DATA |CN_TI_,e_II(.}RATSI3°[_?,,5_l_5•|,•2,751_ITMTRI,gBIJMTRI,O?/

_60C **_********_** VbIZ ROUTINE DATA "**_**_*******
470 UATA KP/°Ob/PF_/®5/PFM/.5/PFFW/O,/NFh/,2/ESP/,391/TSP/2,2M6/
/_8C) DATA M_PI,,ZS/KOLI3,_IC_PI,,(_4tlH_)FcI(}_I_.SPlOolTFWPI20.,IFWSEIoLI
49(1 DATA MFPTIoS/MCHh/bOO,/MPL/I.Sf)•/Kr':P/o2_./KTP_ io/CI3e61MV/0=/
500C RFRC DATA
510 DATA CDI°_blAFIZ®IEVDIO°I(ROLI,O_ZiCROL211_2E=51JV_HLII_I
520C MOTIGEN DAIA

530 DATA CFEF/,qg/CAEFI,96/VWINDIO,IWIDLEIV/600,/IESIZIOI
5c,0C HAT {)ATA
550 DATA BCIII,IF_TYPlIIEHOUTIO,ILBINIO,/IEEONID/EPCP/I,I
560 DATA E_SECIB*2 eE-2 IHSIJCI6*(, ®_ IF -_/I A3/o 5PEEDOlIA61 o PO.WER °I
570 DATA _.;SENlb*3,1_SPhlbel•l

SAD DATA P)DCNX_/6-"* ®/HCIqXR / 6_" | _ /
590C ACC DATA
600 DATA ACTYPI?I[FANIII|P_IIlIALTIIIIACI(_IINPI[/
610C ENblNE

620 DATA F5TRT/IO_O,,Ik_IDLF!IRe_()f),,9000,7b()®IWIDLEAII200,I°
630 DATA F |I)LE 12 oz,5 _ &o 32 •_,,_g • 2 _6,2,7,,7 • 1,6_ 3,6• 2,_.2,i l ®21

, .,:'.;.'";'_= PAGE IS
, ,,,,;_©,_)!_QUALITY 3=5
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(-,_c_ t_AT_ l",1",i 1._1I_ |L'_Ir]IATFp.'pI ;!../CHt,I, FF/I.IIt(.LFFILo/PICVALIo,, /

#-,_( (. _'O@lilleltn,l_Dilt_l, ltitlt 'j_[J% |t.,l|)ll" T i,'l"itl_'lo'li,ln,,I, eli*il*_l, tl,l-itll

t, 7_3C
(-,_(_ (.ALL F ILl _,
(,g0 i)L*#I' l=l,_(i

/Oil 17 YTt '.11,#( I ) =C_oi,
7|0C$$$$$$ ,,IAtiT TC I, FAI.) t'l,'Lir.l I,I-¥1(P. l',h,_ FII:ST TIrlF Te41a()ti(jH TH| I,V'.iLA_.'
?20 I,_FAI)(J,h, IN)
7.),0 Ivt Ap( l #, I '*'Y)
7_.(1( :_t A2",( L'i,I',Z)
750 l t_lIN2 :O

77(' I_ I i_Llf'IZ =it
78D Wl_I ll- (f_,q_)

790 98 I'LiR'4AT('utJ yc)li WAI'IT T0, (l.A;,ltd IPIPUT (,THI-17 THAN HOTOH ?,TYi'F Yl'b
lO0 6 (IN I1.) o )
BiO ll[.AD ( 5, IC L ) MOb
820 lFl_Ob. Pi;oihtl l) Gl_ lfi qq

H30 _NITF (I_,15)
840 15 I'Oi_,"IATIbXt'INIJiil $1;I-',)
850 REAL) (r,, I ell
HbO 99 Wk'| TI;. (b ,t 1{9/)
870 100 FOR_IAT[OI'Jt) YOU NA;IT TO (_Al'l(,r h_OT(IR IATA?_ TYPF y[-._ (_ Nlio)
8AO NF AI) ( 5 _,10 l ) Mt)_
890 LOl FON',IAT ( A_ )
90U IF(lqO_.lO.iNO ') C,,l T(I le_
910 vl_ l TF (h,lti;)
920 I02 I'OR".IAT(Sx,oINI:uT $INY:')
g]o H[AD(StIt',Y)
9_0 Ib COrlT I NOE
950 TSAV=FTOI"
960 IF(IFIL.P,[.ll) CALL. ASbi(',rl(/l)
g?O IF(IFILPoPILoO) CALL A_bICiN(<'2)
980 [F(IFILI, iht..O) CALL A5.%l(.ll'llZ$)
990 (ALL A551(,N(IH)
I000 _|0| =_IDLI (t TYP)
|OlO I_I I'lL _"M= v,bA 51.
1020 IF ( ll4$ttJi Lt(.LOoZ) I_11)L l _l:l,,tiASl: / 7 o
1030 IF (JILL[ t.l.f). 1 ) w II)L t M:I)O0.
I i),+O w l D',_=_i1DLI r,_
10%0 IF (SHIF TJ (I ).EUoOoIEALL Ll_14((lilil.ll.)
10bO 1TR = 1
Il'i10 I')1_'T=0,
1080 L)TP=PT
1090 IFIIT_IPII),LT,2It,{) TO 2_
1100 I=ITRIP(I )
III0 I)O l/ II:l,I
1120 PLMx=O,,I*FLOATIITRII-'(II+I) )
Il_O ITRNLIM (II ) : IF IX (I)FMX)
|16_0 |THDC ( J 1) :|TR|P( | l* l)-I T_NUO( i l)*lO
I IbO 17 (.LINTlNLJI.
IIOO II=O
I 170 I)CTYP= I THtl(. ( I )
ilBO Z5 CALL VSIZ
I|90C CHI-CK TH(:b[.: NUMH[R5
I_00 PHD((MX=I_DL I_XR ( ['IT Yt) ) lip Sl-;_-IX
12 10 PHCMX :ttCI_XI.' (F_TYP) _'P_H_X
IZ20 6CHG: I=lCI
I _ _0 Hid : BCHfj etMl_

7

1
_i 3=6

!/iI
: _x,-;j • -
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12_,0 IF IIA(C[L,II},2)G[) TO tltt
12_0 t_O TO ,-I(I
1260 Rft CALL _UTPUT

_ 1270 bO T() 91
L- 1280 Rg CALL VSIZ

! 300C
:- 1310( Q.m._._.e_***eq**_ MAIN SLCTII)h ****a*i_iei.e._**
:'_ 1320C

13_0 gO ( ONT 1NUI-.
1360 IltHON:(I

_ 1350C CALb: Vt.L,ACCI.L (K._t/HH)
:- 136(1 LALL D(Y(L!
_" 1370 Ill CALL [)SPt_H

1380 (.ALL THAt:h( I I
-.:. i3qO 22. _ (.ALL COIVlP,'d.,'

!. I400 CALL CNTL
_::' I_I0 I.'MSAVL :t'_'

l_?OC
=V l_30( Hi_AT [i',t, lt, t bTA_TING IvlTi! _'t)TOl_

t 14_L1 J._TART:I)
'. l,ibO IF(I'tlNb_,Vot'Uol) b(J TiI ZOO
_. 1460 IF(P_IoC, LeI'HFNAX.AND=VhFXT.(,T.V) c,CTL1 250

It+#O IF(V,_IFXI.I.,T.VlVi(W,)(.,() TIi 2r_I_
;1 L_,80 GL1 TO ?lJO
j l,,g(I ,_5(l J%TAI_T: !
_' I 5(10 I,l_= i-I_q* |' bT AK T

lv 1510 ?(l(I L 3fISAV=LON

[ 5 _._(.I H'_'4_AV =HtIN
lfi3OC

i lb'_OC CDmPLI_'I 1%t, lNI tlN/(_FI TII_|"_ 15btiC
.7 1560 ll-lt. Ul'_.tl:,(l) t_tl It) 777

_'i | b 70 t TUN:| TL_i'.*I)TI I

! ibHO LTOF :O.l'
[SgI) b') 1'_ 7t'7

• lhi)(I I V V I"TI)N:O.t'

±itl l.lil _t_ :l t_,t.:,ti'

I t_.JO T',AV: I Tt'l-
;7' iO_,(I lnV tALL I%C,(.')

ih_O h_h (.ALL MT_(,')

__ i f_hO l'l' = liC.
7 lh7fi ttl I1" ((.IYI',_,t . l) tAiL bATI/I

! 1671 bNt _:b:_;' llbqO(, bT_lNI, I"_tA fO_ ='l. OTtl:l(,
=>t | 10( _ I F (wl el l_,t_etl) i_'l :O,lti

i 1710 If ( _,'l_'.t IlotleIl) t_lfl==O, [I ]I 7,).fi I It:_N:I't /ill

_t 1730 l_l(il :i'v / _1,'
'i! | 7_+l'i !' i :1" LtlA I I I Irl_H )
i 17_0 IFllltnoC.l./llOO) (.11 Ill e,e_e.,

_'_i 1760 ,_,.'_ tlelli II-,'_l._) ll,P_l_'_l,lAItlVltlllAkl ,V(;lililiVilAbl ,I t4AT_'eVHAh! •
_.! I # t(I I.l'l!AlTitl_llA$l ,AIIAT2tIIHAbI-,I'(IIt. iPt
• ! I /till (, li.lt" li'l_.%lt t_IV,IT .FI.tIXtTll "l_l_'_t._l ,A*F Ill L iV,l l.l._hlX

;_J |Till i.l_' I-.)t:'l,'_TlVIIOI IJ,'./l)
ft IHill){ /

;1 |81il f,(,h (.ALl. ')l_l ='l_1
. / IH?I) If (In_.l_.ot_',ll hi= It) l_,l

iii
!

it
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|_¶/)(.$$$$$$ ..,A_T v,j _FTAC- L+LVICF {_IL[) [*_ _4_ AFT
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GENERAL _ ELECTRIC

|OC HYPH| IJRDC
_.O PAKAHI T[I_ [()W=,_(10o[(|(1:[?
_0 ImPLILII RLAL (J-N)
_()C 5FT UP bLVL_AL VANIAItL|._ A5 (_A_A(.TFH _Tt,'IN(_$
50 LHAHA( TLi_lil_ ] F(.)HM,_ e ] A._o | h4, JI'A TI. ,J I | MI-
bO |NT[c,tr NEbl f_,I)CTYP,CTYt',_'|TYPt(.TVP,TTYP,DTTYP_
70 _ I'T YP,N(. Y_ 'b|{IN_MM *I_'I.)N*A(-T Yla
gO I)IML N_It)N IIRIP(;'_) .I TRI'IUM(2',} .ITRDCiPS) .5SVfL(2) .Tb_iP} . |I-(.)RM2 (b)
90 DL_,_fNbION I',bL{ (_),,t451'(,(t_) ,NTi"(_,) _F |DLI" (:O),,FSTRT(IO),wlDLt (10}
I00 OIML t_SI(IN CIAN( I(IP,_ I(11_l, ICNNI ( _! ,5HIFT(4) ,%II|FI"A()I ,b_.,k'ATb(5}
110 DIMI f_5|UN PAl.((_,) ,HbPN(t,) ,HbI N(e,) _DC_IXR (h) ,ot4(.MXR(6)
If,? l?|f.'tt.,blOl'iP_IIA( (I(I),VOLTAC(|fl) qVATAC(IO)
12OC
[30(. _.oe_i._ ()R|I_INA L (,.t'It,IMON.R| AL I;AI,'AMt T|I_ le MAY |5

|_l) LI}P,_M,}_! /Hi'Lk _,/ i_M,
160 b PM _P(. * _'1__ PLI_X _V'_ _ V_ _V_ *t_,bF L _l) T ,l_V __|TI4T
| ?0 b • {_M iF4( H(__laJH. A .tA(. I_X tl$( e4N_PH(.NX IPJt • TF | N IOTP I VMO{)E INTN* WI Oe_
I110 b ,,Pb'_,_X,_(.St_MX*PF IwMX,_T_'_f"_,.,Pl'*_'IX,_I" ,_PF _PMXNtQPMXE ,HI)S_W|D[
I9{1 b _V ,_NT _='H). VI_CMN _WT. UWHL ,_PWHL. C,RAT 5,_PD._*L_R T ,_CNOL l
_O(i /., ,_FLhR_T _! I_IN _t VL'),I:I_(,F_';.'ICI _FUi'L_I)A(C_PRAT,CROL.(.ROLZ_J_tlL
_|O _ .l"tIO(_"X_M( H,%_I I.l'i(a.T[I _I(_.mY(.H _TMEF F _[ SP _T bla_MSP thai: _E_SF'
2201 b .{_t_AT_I"(ON5 _LIAR•NTf"TK *Jl.,Jlg*PI"l:A _pFMA,_ VW lNO '_wFWMX. TA( _W lDLLIW'
23(_ b _J_ITw,JFI'_(,.b_IDLFA*.S_'IFTtbHII'TA_kI_K2_K},K_*TbS.SSV[L.
2_O b AI _HbE'(,_t'.SPC,_t_,'I*C_CAFF.CI).LI:LF_C.%P,_PlST.I}PRT,_RI4OF_VMIN|*SPFRA_
250 b F IbLt ,_F_TI_T_Fwb[ .L_RN,.k"'_K_P _I".OL,_KP_KTP_MI_,_WI:LI'_X.
,)b('l /., _Irt_,_',111-'I,f.'l)L.PIt ,_PFI,W,PI"_*,l't4],_,FH_TFWP,,WIDLE,_wMMX
,_70(
ZB(I(. _.e_el ,%(_ (c_aMt}f',l-Hl AL I)A_,'AM( TLR,S _'_
2'.)O(.
}0_ LI.Ih;M,'IN /I_rL.I,.,'IV_(.)F._ATtlvP,_(:KII. I, ,_Lll(al:._ I ,,l PCI),_I_,CVAL_I)NT_
3 [0 btIS_.)NII*bFN.DI'(._XR _!_(MXk __'['_I'I(,_Im(.O_I"_'i_l('_XiFFI')I'IC_[FOCI.)_E F _g,NOX,*PF h'X ,,5PF I._
112 biLTCT _L T_11'iql Tt)F ,_TC"4w(.I,_F(d"t,( T ,,[ I.,M( OT ill I,MNL)X'I" ,[.(,MC%[ ,_[ _IC5,_T bAY
._!I b, IAOF, I Ai,_ ,, I I(.I_,I)VLObS,, T_} *.I_._,v,_I ,_'ST AR 1 _,I_,UI,_NM_.I14EAT .UCON5 1 •
)14 bII'AT, I_I:),PlLI _I)FL{)S_* ]I'_".IVA( _C_,I.*c._A(Co( W,_I,_CFF

.I|_ (,_IF ]4_T _dbt AI:TiVNl XT ,_AI%I_._T,PI'H-rgAXiJA( ( _L iPF,S _bNl W_VMOD
}ih bt I(VT,,I ( VT qli_r[_'_(T *OI_R_l_la,_i'l-r'11I'_,_'FMAX
_,mC
._I_IC _*N=te OPI_,INAL INTI.(,IR I,tl_Cl'C= _"A'_ Ih "'_*
4,,(1(.

],:,(i (.()r_r,;3q �|i'Ll, [IHL(a! ;,I,,
}h{I 0 !)CT¥1),_(IYI'_IVlTYI',_ITYP*1'tVl)* IT| R. It"(*F'_I'_TTYP*|h:Ul_i,'

37() (, IJ:'_AT[ eJl It,'| el_'_Vl,)tPlL y(" _,! _l,i.M_._.ll II ,l_l:LJt,,ll _I/
._HI_ t, _,II_IL,,II_',.II'_._.|ALT.I_,(, .lwP.lh(l .If 51".IA(CI'I._IuI:AR
)qO _, _I.L+i%+A(.T+P,II'RT'+-,.II-I!r,+I'.',,++i,,ILt',NI,ZI,_II;t)wI',I,II-IL _'+III

4(1(l b *II:_IP.IIF',t N.ITh'I)C*IKh_'.II'I_':M*II'_'I"_'?*IAI.IA2,,IAI*IA4*I(

,._ o,2('_ ((It.M "_%I'_()TI'_.T/pt._OT I ,_'I_ASF ,V_A.%I _F !'Abl , IPA%t .I_I_ASI ,,PI_IA.g( ,,F L'..IX l

4 _ L t'1_II_1TM,' i'C, [ _'II I A / NF _I', ,_'_ri( ', _h,.r I _,i.,i,,_(., I _ b'l..'A, RIIF , I_I4L._ AA( MAX • W( P • JF I. IIX
! wwt_ {,AI-(MAX,_A_.V_Akl _,_,P;_I,HbTI ,,,-%T,'.tq'l) l*lqH','*;41q'_'_,Al'FOi_l_&%l | ,,I'I*A.%I | ,
;:7 4rp{) t, Al" q|',_,_ I' )LI_,_I-I I-F , IAL:;.I_,_.( l',_Ah'Ylh,'h,,_l" /LHPt, t |(}A_{ [,Pi'IAS|. |,,VHA_F ]
" ,. 4b |1 (, l)_1_1:11_/ t. ,IMI';,I /Jt LI C _ I Th . I I_.'AX • Vl_'( 1. ,Vt'l-tl _ V._l" .(_LIHI ,)_. jT[IRf._. I AUlU.

i * .*I{) bl_'ill'_| iP_i_.,|l..I (.IINOII'II(LIP, II '"LO_,_RP_; _,'I _,FLt'X.V( IILIP
{_'" _,,_l_ _IAL I_A,'.I,laI:',I,I-ATI.]I-I.:._l_,.r.ll,_,(.];,Ll_,kl ,,kT.lLC)t,S,ll_Abl I.

_i I 8Nb,' i',l_),',_,Ll .LL ,'_,

! _dIU L,t,il-',_Nh_AL i'i,-(%| _!5lTA (q) _Vl%,[ (li_),_V_'(L (|Ill_%,'AT( |ill_l}{TAT (%) ,_ALPI'At (',l

; .I 51{) (t)_.!_.L11'il'ATI';,TIN_i_wI'.I | .I _'.| ,' ,_Ai I.'14_',.!q TA_| L _i,_l" I I ,bAll( '_I NIIAI _I F'.'l,l(It
%;(1 t, L;;ti,'WTP,_l h".;Tr_',_bb.l'/,AT1.1q,A1"1 .l t A11 .t t IAt,,ALPI4AT,_L IT*N( 1 ,N(.,'

%_¢' & *!JhAT .' • l l_b * _.{. i,_/ ,0V& 'iF ,I_( _I/ ,,I,'( NI .l li_'l I
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$7,

_d

ii

r'7-: ................... ' }}' . ' .... 2 2' " '_...... "" , , ..... ,., . . ..:,21£'_ ;" ,L: : : .a ....,. - ,,!;', %

00000001-TSD07



"* GE#ERAL_ ELFCTRIC

i il

: 540C
' _, 550 CfJMMON /II-_I.K2/15TOP_|F_L3_| INIT.IELOPI

560C {'.NO
" /, _70C HYPH2 IJROC
i,_'_ 580 COMMOf_ /RltLK }/P[ ,WE ,JDT ,VO,VN o TO, 1" ,XF,DYF ,_VI, ,V2 ,V3

! ', 590 COMMON /ILSLK3/ITI,I,IX,II,ISUB,ICYCqlY
60OC END
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6|HERALQ ELECTRIC

tOC

30C
_0 SUH_UUT INL (-hTL
50C 1N(.LUOE NYP_l
b0C INCLUDE HYP'_2
: O0 ! hUB-- !
|lO Di'41;NSiO:. PCVTqiI?I,PCVTIO(12} eSPCVTqI|?),SPCVTIOII?)
120 DATA PCV I g/O, _,_6..7Q27®6 _ 3_. ®g, _O.4,_.t_o ,52e 5*Sge 3,&6,, 75, 7,
|30 b86,,lOO,I
I_,0 DATA bPCVIg/?OQ,20o,2h*bq33*3*_,O**_'To*53*_&/'}®*bTe,Tb,7,Bt_eT
tSO b,lO0.1
160 DATA PCVT_O/O.,8.b,I|.5_I_.._,417®3.23..38.I,50o.b|.3.75*7
ITO b*TBo4,, |00. /
IBO L)AT& _PCV 110/30®, 30,, 3L), , 30,, ._O=, 4_, ._,N, ,C_. *bO, ,80, ,gO®
lgO b,lOOQ/
?OO PWAT=P_A !
2 tO IraO_- 0
220 IFIJVMIN.[(a.O) _O TO 30
230 IF(&BAT2.C)T,I_ASF/2,) GO TO _0
2¢0 JV_41N=O
250 GO TO _o
260 30 Et41'_I"-VMI:_l*l_C_*t_b2 / (VLiASt:.)
27(1 _.¢.11N2 -" l* 3_AF _' |Nek,M*AK V/Vt3ASf
280 VMIN=IAMAXI IEe.IlNI.EMIh2})INP
290 IFiEI3AT2.uT.VNI|N) GO TO _.(|
300 JVMI N= l

310 _.O PFF X:PF'dX_ ( I.O-. 5eFLOAT (JV,_[_} )
"_20 50 OAR 13, Ig?) :O.()
330 VMOD =VMt')ui-.
34(} IF (5_J,_T.Uob) V'4OL)=VM(JDE*(I._-55**2.)
350C
3(>0 IFIICVT.E.'.I) be) TO _00_
3TO bU T_ (IOOslOOO,_13OO_3OO(_._,Ol_O.5Ot,('t$,(_OP) ,(.TYP
38OC

_.,O0IO(| IF IPT,_PJM) _(}C)_IU_,
_.lO IF (V)36_,3_'(),
_20 10_ lhll_CF),,t20
430 It,5 IF(HC_b-[-#(.,'_}_130,130
_+0 I15 IHCF=I
_.50 MOb= l
_+bO 1:()rl: I
_.?OC _e_. UATI_kY r,L[_|)._ CHRG. F|I.;ST (.HFCI< FOR PtVR FHOH HF.
_.,RO IP (PMX_" e[ PLP-IPT+|)J_c'PJM'_PAC(..([) } ) 1¢_0.l_O+
_gOC _**_****_* hENb HAb EXTRA PO_F_ TI,)CHC, HATT _******_**

5OO PL =P_'IXE*E P(. P
biD u_I-=PMXE e['.l'tLP- (I>T+k'JE _'PJM"_AC((I) )
520 IF (P_t.C_T.pt"XM) PM=P_tXbl
530 #P_=P_.1<.(PT'_JE +PiMP.PACE ( I ) )
5_0 [MGF = l

550 bO TO _on
560(. e_e*_al.ee*en HENCJ ,_A_ JU_,T FP,LJI- PUw[k' FOR I)_IAFT **cell
570 lbO PF..=PT+I.;J[+V'A(.C(I)
5BO M(JN¢O
590 foU TO _00
bOOC e,,,,_,_,em HCHC, l_ I_(_._ITIVE= C_,FCK F(_kit',(:r4Xe**e_.
6|0 120 IHCF=O
bZO [F(UC_U=['_C:'X; 115.l |_.I05
_OC _o_ L_AT L_(.'ESNT hEED (H(,o PT 15 _'{)5, I)15T PM-PI-

3=Ii
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• t

GENE#AL_1_ELEC¥1111:

64()C (-hTk()l _,_Ot'| F I ( AT i()r+5
6_(_(.. Ft_H CO_MDr', PFFX

-, 660( _lkT PFFX IN P_AMfLI.%TmO._
.: 6+I0 l_lJ Pt.lcPT+PAL((6) *PJM

/_AO IRON= l

,:. 6qC) PFFX=U®Hb
rl ()0 IF ( l_()E ) / I,,2 l ,2/'
71rl ?l IF((PmXe"*(l©O=,_*bb_*2J)*ofi-WPJ 23,2_,,610

":: t2t') 23 IHO{" = l
.

;+. 73() 2, _ ] F (P_4XM_ ( I .O-. b" 3S_'.2 ) _I_I"F'X-P;")/% o? _ +410
740 2b LO_=!

: ..... 750 2t_ V 1 =PmXM* ( I ,0=(I, b*.%b** 2 ) *I;JFFX
+ i 7EO IF(PdAT)c'7,27+ZH

:. 770 21 PL=PT*PJm'epJIF ���I | -V !
: ;'_." 780 pN= v I

7qO qL) 1"3 2g

800 ZB PM= (PT*PA(.( ( 1 ) *PJM*PJE) _ ( I .O-PWAT)
_ 810 PE=P_I_P_AT / (L*O©P_AT)

: .;;'- R20C
_=' 830 29 IF(PMeGToPMX,_I.OI_.P_'.C,T.Pe"XE)E_OTt) 14r,

! 840 GO TO 40('
ASOC
860 140 LFIIGO.EO.I) GO TO 141

= ) 870 • PWAT=PMXL I (PMXt-.+PNXI_')

" 880 lb3= lF+: 890 IF (CTYP.I.f,.b) GO T() 28 :
_! 900 14| IF(OARI3+Iq2)),,14_,

t qI0 143 (.ALL TRAN_(3):--;. I_NA T: PMAE / ( I.)MX(" _PMXb' )')2O

930 OAk(3_lq2) = 1+' -+, 9_0 IbO=O
:-_ 950 b(I T:) 130

!!,, 9b0 14_ UAR(3*Iq2)=Oe
:\ gTO IF(ICffAwoNE. I) bO T() 1_3

980 bO TO 400

g9()C _**_** fAT hE[-bb (HG 13UT HF L_OES _4OT HAVE PWR TO MEET DCYLLE fa
lO00 lbO IF (PMXE*LF'EP-IPT+PJF. I))) ,160,160

: °_ I010 PL:PMXEegvCP

I IOZO WN=PT*PJM.PAC(. (I)+PJl--PF: I0)0 IF (PM.bT ._'_X_1)PFl:t)_4Xlg,

.-!_ 10_,0 PE=PT*PJM','PAEC ( I ) *P Jr -I)Ni 1050 IF lPMXI.--Pk ) +,'+OO**,¢)0
' 1060 [F(OAR(3,|q2)) ,,|64

I |070 (.ALL TPA_'_b() )1080 OAR ( 3, IQZ) :l *

--_ 1o9o (=uTO _5o
i llOOC ***_* POWLI_ AT MTP IS NEGATIVL ******

_'+ IllO _130 IF((PT+PJ_4).PACC(4)) ,400,330i
II20 IF(RFGLN)J40*3_*O,

' ;') 1130 IFI_iCHG.(,E 0.')) GO TO 3_.0

t "_+ | |40 |F ( V-V|]C l_h)3_0, t1 150 IF (_ICHb- l. ) , :}40* 340

/I: IIbO PI,I=ABS (PT PAEC(4))
II tO _.ION: I

_,_ 1180 IMbF= l
! |90 l F (PM®bT ePhXM) p'vI=PMXN1

-i l_O0 ERGFN: [: RGI: is* PM_tL)TIJ/360U.
[_10 OAR(_t lq2) =OAR (2* lg2) (PT+PJri (_)).PM)eDTP/3600®
1220 hi+ TO 400

:__ ! I_30C **_e*RGFN Pwg INSUFFICI|_';T TO I)PIVF A(.C .e

i

,..._! 3=12
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,_ ELECTRIC

LS_O PH=PT=(VI-PJZ-PACC(I} |4PJM

I_50 Pt,I-"AM|N I |PM,PMXM)
1860 RE=PT- (PM.-PJM) *_JE*PACC (!)

1870 GO TO ll]t_
IBBO 113_, PE=(PT*PACC(I)*PJNh.PJE)_PWAT
l flgO PM=PE e ( | ,-PWAT |/PWAT
1900 1138 IFIPE,GT,PMXE,OR,PM,GT,P(4XM)hO TO 1140
lglO bO TO _00
1920 LL60 IF(IGO,EO,I} Gt;,TO ll4t
1930 PWAT=PMXL/(PHXE I

1940 IGO=l
1950 IF{CTYP,I:O.5) GO TO Ll34
L960 ll4l IF(OAR(3,_I92)),•l14,_
1970 I I_3 CALL TRAN$(3)
1980 P_A T=P_tXE / (_MX f • PMXM)
1990 OAR (3t 192) =I*
2000 bO TO ll3(J
2010 1144 OAQ(3*,IqZ)=O,,
2020 IF(IbEAN,NE,I| (10 TO 114_
20?0 bO TO 4OO
2040C _**_*e** CONTROL _3 *******_*
2050 2000 EON=I
2060 IF _V| 210(_,2100,
2070 IF (PT*PACL ( I | *PJE ) 2100_2 l(}O,
2080 PIF=PT*PACL ( l ) *PJE
2090 IF (PE-PMXt) 2400,2400,
2100 IF(IESIZ| • 122OU
2110 DO 2010 I_=I,3
2120 (.ALL TRANb( 3|
2 | 30 NON=I)
21(,0 PE=PT (1 ) *PJE
21.50 IF (PE-PMXE) 2600_,2,.00•
_.160 2010 CONTINUE
2 | 70 RE TURN
2180 21OO IEIF=I
2190(. HRAKE NHG
2200 (}AR ( 2 • l g? ; =OAR ( 2,1 q2 ) * ( PT _'PACC ( [ | *PJE" | _DTP/3600 o
2210 RETURN
2220 22OU IRRUN=I
2230 WRITE(_,,2_5())T•V•A,,UT,PACC(I) ,PMXt ,WE*KP
22_(.} 2250 FORMAT(IH•°KH INCRFASE: T•V,A,_PT,,PACC•PMXE,_WE,_KP°/ i

2250 t., BE IU®L,| ]
2260 KP=,(P*, OO/
2270 2_OtJ RETURN i

22BOC _._mmme CI);.T_OL _4 *****_*a****
2290 _OOO NON= 1 '.
2300 i t.lbF =O I
23_0 HN=PT*I.)AC(- |z,) Ô"X�L�-.1
?320 IF (PM)'_,O?U,3020,

Z$30 IFIPM,L,T,,V_X_I,,AND,,IESIZ®_(},IIbO T(_ 2200
23(_0 IF (PH,Lf ®l'_4X_; RETURN
2350 [)O 3f)IO I_'=I,3
2360 CALL TRANb(3)
2370 F--ON=f_
_ 380 PN=PT +PA('(..(_ ) *PJH
2390 | F ( D_=PHXf"_| 240(}, ¢_,RO
2(,00 3ql_} CONTINUE

L_,=JO HON=(J

. ;

3=14
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;2°

.E.AL eLECTriC

2_40 (-10TO 300
2450C #o_#Q CONIRI]L Q5 #m_###
P._60 4000 IFIV,-VM(]I)IlOOe|illl,li}O0

2480 5000 IFI[tCHG°HCVAL) lO00,}O00,100L

i I 2500C **_,**,m CUI_!TROL. t_ 7 _**_**,m*,_*

i 251o(.
2520 bOOO IF (It(.HG-I_CVAL) }•••flOOD,,
2530 IF (V=VMOD) IO0,100, IO00

_-'_ 2540C: {
: i 2550( ICVT=| FOR CVT (CONTINOU[$LY VARIAt,LE TRANSr4155[ON)

• i 256OC
} ,, 2570 H000 PACS=PACC(|)

' 2571 IF(WDSoLU,(),()) WD$:OoOOOrJ|
_-( 25R0 |F(CTYP.LU,,3) GO TO A200
" _' , 2590 IFICTYPeirU,4) b() TO H40(1

i ,i 2591 IF(V.EO.O._).AND. ZECON.Fr._.I) GO TO 8200, 2600 [ F (VMOD-V) R200,B400.8400
; !

: ( 2610C
2020C HEAT FNGINE PRIMARY

i ;_ _630(' CAN HEAT _NGINE ALONE PR()DUCF POWER RE(}D. ?
._:., 2640 R20O PE:PT4"PJL*PACC(1)

2660 IF (lEM eN[.,,O,,AN[)oOCTYP,_N(-_•7 )WM=Wtt

"_' 2_70 IF(IEM.NfI.O.AND.DCIYP•NE•7} PF :PF FLOSS
2680 PFF=PE/PLMX_ ].00,_ 0

_i 2690 IF((.TYP•FUo3) (,O TO 82('152700 IF(P{'I.GIoPMXE) GO TO R700

iI 2710 8205 II:'(PFf•bT.lO0.O) PFF=ION•O_. 2720 IF(ETYP•EO.IO} GO TO 8210
.._ 2730 R209 (.ALL LIr_I2(PCVTq,SRCVTg,12,PFF,WFF)
;:1 27_O GO TO a250
_:_ 2750 8210 (.ALL LIN2(P(VT].O.SPCVTIO.12'_PFF,_WFF)
.", 2700 HZSU IF (WFFo(JToIOOo)WFF:IO0•

i-:_i 2770 W{ :WEMX_FF/IO0.

_i 2780 GriT :_E/wl)52790 IF (_WT,LTo |,/()DP) GPT: I,/CDH

_!i 2HO0 IF(GRTobT®RR) G_ T=Pf_

2_10 WF :_DS*b_T
: 2820 EON: I

_;" ,830 MC)N=Oi-".:}.._., Z.,140 GO TO ,_(J(_
;_ . 2850(.

"_J_J_ 2860(. MOTOR P_IMAH!
"_ 2R70C CAN MOlt,, SUPPLY ALL I',E.POV,L_

ZRHOC

2900 t,RT:WHASt *WFACT/_Db :..
2910 IF (()HT,(,I eRl'¢) ()NT--Nt_
2920 ]FI(JRI.L Telo/OD!_') Gk'T:I./C')I)R

.: 2930 v'M : WD5 _'G_ f*(.,HlVl
29/*0 IF IPNt=,LTa, O_O) _0 TO IRsr)r) i-
dgSO IF (_M.L I.H IL)LI'_M)WM:Wl F,L__4
2960 E ON=',0 'C

- -":' 2970 M')N: |
29R0 IFICTYf_,,,[(,,_,4) (J() Io 61) r)

,_90jOlo_O00_b,')O _T)if(P_'l°('l•Pr"Xr4)p,_:,).()Tf)4i)0 _,,(_ TO i, 7()n _i

3_°15

; ':I .4
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GENERAL_ ELECTRIC

]020 I ',IGF nO

+,Qt,O I+%_£_(-*

_,Obil |l-(l_l-GtJ,,,l:lJQ,i.C'Dh'.tql-t(_.C._T,-,t;o'_j _,lJ TI) ,',(Ih
i. 30+%0 P_;_At_(IJT.P,Jlm*P/_(((",1)

30("J ;_ IF (_Xe(,I .WMP'IX | _X _I_+",IP4)_ • +llJl _I,`

]C)(_4 G;_T =,,;X / I (-,Pr.'_• _ ()c_)
+h45 IFIwX,_I+I.t_IDLVP .+) WXmwlF_I.I+',+

\ +06++ wM_WX
'_ _,C_70 l '.'+(.H° = l

'_0HO M3N:+ l
]0Bl bO TO _.L_)
_t)90(

3IC)OC CC+)MtiIPwkL+_IL1111_l[_+(,If;| OPFNATI(IP+
,+ _ll0C

!_ 3120 H 7()(} PTOT=_.'I+PJN+PJF*PAC(.([)
] 130 PA_ T"-O_.Ix_ i (PMXE ,"P_XP }4

31'_0 PW:PTOT*( I.-PART}

3L50 PE :P TOT _'i-'AHI
} 160 PF F =PE. _,l<_,",. IP,_ _'X

+t)
; 3161 MON= 1
<._ 3162 EDP4= l

3170 IP(FTYP.t,O.[O) b() TU q4lO{

,.:"+I _180 CALL LIri2(PCVTg,SPCVTg+I2.,PI'F,wFF)
3190 bO TO 8_20

, 3200 8_10 CALL L.IfI2(PCVTIO+bP(VTIO,I2,PFF +WFr)
32lO 8_20 IF(WFF.bT.IOO.O) WFF=IOd.P
3220 WE=WFFNWEMX / IOO.

1 3230 b_2:wE/w_5
• 32_O WM:WBAbL'_WFACT

i 3250 bR I=WMIWD5

3270 IF (GRT,LT.I_/ODR) G_T= I,/ODR
3280 IF (bRT.bT.RH) GRT=R_

_ii, 3290 WM=_DSeGRM'GRT

3300 WE=bRT_WD.b
3310 IF IWMeLT.WIDLFN; WM=t_ ll)LE_,
3320 IF(WE.LT.WlDLE(FTYP)) WF=WIOL_ ([TYP)

{ 3330 _F=WE IWt.MX_ IO0,,

:!'I 33_0C CORRE(I ACCEbSORY POWFP

3360 DELPAC =t_ACC ( I ) -PAC5
3370 PE=PE¢.DI: LPAC_PART
3380 PM=PM*DELPAC*II.-PA_T)
3390 GO TO _lO
3400 END

: i!
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GENERAL@ IL_,_TIIIC

luC

_,0 _LJrii_ rJ,.,T I r_t _ .5 1,._
50C lhCL'Jhl, -i'¢I._I
6f)C | PICLLI,')[- "l_i I_'_2
IOCi _A_,'A_IE _t _ _ l _2r)
I IO l-;lwE'lhl:ih , Cr_ (A | ) _ '% t (AI) t',IPT (A[ }
120 1 hub;: Z
l30 NCH { L, ="_C". ',
L40 *'IHT { I ) =_F v' I I,f,'.Ct_h
LSU IF (MV®'_|'er'.lGd r3 :iS
L50 V2-" ],e-KD_' (I-'F [l[ 5H q'P_Tlal TSIi_P_'" I_"I.%Pq'l'_Fh'*Ik01. IC51 >4'

lSf_ '.)? 5:9 1--'2_1
190 mVl I I-1 ) : i'_'Cv 'l I-1 i +',lPl.) IV2
200 WlaT ( I ) :m'v t ( 1. t ) "uC'_ ( 1- 1 )-'_C

iO M(,.pI ( [ } =K,_.!IJ e ( p.ttJ T ( | } --,_lla l I | -- i ) } IM(.li ( i -- I )

220 MV= (mC_l I ) ,".'l-'L ) IV2
Z 30 MVCH:mC_-_ ( | )
2_,C IF (A._.S((t-'_,-"VT(|-L))l_._VleLT.o(IClll:.,(i TL) o5
250C ,R I TE (o _.q} _'_..V2. mV T ( I ) .t"( _i( I ) ._"PT I I )
2BOC _g F()RMAT(Ix_bt |9,,_)
ZTO 5 +.) C(JrlTiN,J_"
28n _iH [ TF (O t ["10 ) I.'V lll.lVl (A I--I. ) ,F.:C_ ( a !. ) +i_l)T (At) ,V2
290 _,0 FC11_M,_TI|_*V['_ _,T 14tIUTINE iJ/.,l(..el_il'lo]l
300 bT(IP
]iO 95 PE MX = K I') _'M, _,'e P F _

32 ,q la._/1X=KP tv'v ek'_ ".'

33 1 I'"kSASF"PN"4X*5(IO,/EFMcIT 3
_,_2 [15ASL :PbAbt / \'UA_(-
3_0 _'I-"WM X:K P,_&'W_PFF_
_50 £bI._MX:_F'blr!V,_t:SEC( _T_r I._)
_60 PbbMX=mF(.I*'-:V_!)SPC (hTYP)
370 r'll#=MF ['_It mV
_,80 rETU:R_'
3_0 Lf'lp

'_ 3_17
!
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i G,.,,.Le E.c.,c
t

i 610 bO TO lOOn

- 620 200 1FIN=T55(2)
I ' 630 A:Oo

640 VO=-lO0®

650 V=SSVEL(2)66OC DlP=CURREN! DT
t" 661 10OO IF(IGO,_(;,2) GO TO 2000

662 VSAVE=V

I_, 663 ASAVE=A
' 664 IGO=IGO*I

_" 665 TXT=T d*_I 670 KM=KM_V_D[P/360Ue

o\ bT| GO TO 50
_t 672 2000 VNEXT=V
'_ 673 ANEXT=A

_:t 67_ V:VSAVE675 A=ASAVE

/ 680 RETURN
_, 690 END
i

\,

*i

_ t

_i! 1
!
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GENERAL_ |t|CTRIC

I()C

2OC _**_*_att L)R|VL _HAFT-POwlR **_m
3OC
4() bUI_UdTINt !)hPWH
50C | NLLUO_ ftYPR [
&OC ! NLLUDF dYPR2
!OO lbUH:4
|lOC MAX VEH Vt L
l_O CALL LIN3I'I,IO,V,I,|
|30C MAx VEH A((I t.
l_O CALL LINjI-I,IIoA,I.}
[50 V|=C_OL*MV_(I,*CHOLIN,911_4_V*C_t_L2_IeqII_*V)_2)*VI361eOgTH
160 VZ:CI)WAFeIV*VWINI)I*I_'V/_?I&O**(SJO,I(4_Oo*ATEMP))
170 V3=b_MV*V/3_709,TR
leo V4=MV_A*V/I_gbOo
lgO VS=DTPI3bOUe
200 KI=KI*VIeVb !_
210 K2=K2 b
_20 Kt=K3+V3eV _ " '
_30 K4=K_eABS(V4*V_)
Z40 PWHL=VI*V2*V3_V_
25OC INT OF POb WHEEL NRG
260 LVD=ZVD (PWHL*Vb_O.)
27OC |NT OF NEG WHEEL NRG

280 HFNA=PFMA_ANIN|IPWHL*VS,O,)
290 WDS=V*b,3ObIblDWHL_bRATS(5)
300C WHEEL INERIIAL POWER
310 200 PFEA=JWHLeVtA/(3240,eDWHLae21

_30 |F(VI),_O,
' 3_0 PDS=VI/NOe*_IbN(Ie_VI)

350 IF(PD$)_2,,

: 36OC _Ax PO5 PDb
370 LALL LIN3I-I_8,PDS_I=)
380 RETURN
390E MAX NEG PDb
_00 42 CALL LIN3(-I,9,-PDb,Ie)
410 RETURN
_20 _O POS=O.
_30 RETURN
_40 END

T:_'l

! :
Li
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j ..:

I
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i GENERAL0 ELECTRIC

LO(
20C _*eoee_eme IRANSMIS_ION R()UTINE _o_oee_e,

, ! " 30C
' !, 40 5UHHOUTINE IRANSIIDUM)
" _ 50C |NCLUD_ HyPt<|

I bOC 1N(.LUDE HYPH2
i lOOC ,t,_t**t,,

ll0C IDUt4=! NORMAL TRANbMISSIOt_ SHIFT F(VEHICLE VEL)
i' |?OC IDUM=2 UP-bHIFT ONLY

130C IUUM=t INSUFFICIENT POWEk DOWN-SHIFT
i 140C t*****t***

_, 150 I hUB= b

_. 160 222 CONTINUE
170 IF(ICVT,tU,I) bO TO qn0t

lso190C** MODIFY OLD MODEL FOR CTTYP=2 1'0 |hCLIJDF GRM **

-_! 2OOC WEMX=_AXI_UN ENGINE SPEED

; _;" -'lOC WHMX=MAXI_,UM MOTOR SPEED, 220 l l I PR0.OT=SP_'R

_-_ 230 IF (dON,E0,O) PRODT=. 333
_ ._!i'_ 240 _,*_, V'Y',1PC=I_)RUr)T* WI:.MX*DWHL / ( GLOATS { 5 ) • 5,313529

, i 250 V r '_P_: V T t"UE/bHM

. : )_ 260 VMAX=VTM_[270 IF(VTMPM,LT,VTMPEIVMAX=VTMPM

: _i_1 280C

_)_ 29o 33_ DO so_ I=z,._300 5HIFT(1)=VTMPEIGRATS([)
!i_.) 31o IF(DTTYP,ECQeIIGDTO 500

320 SHIRT (] ) :VMAXIbRATS (I )330 500 CONT _ t',lUF !
3_0 IF(ITER,GI,]} bO TO 3_
350 DO 5Sa I=I_3 !

_._ 300 550 5FoIFTA(I)=bHIFT(1)eSPFRA/PRODI '_
:,°_ 370 33 bU TO ('_O,II',._,OO),IDU_' ',

, {I 380 _,0 bO TO (10(_,20(I,_30U) q,TTYI-"

i! _90 100 If (P',)5._Lot)_)GO TO 10

_,00 If-( I_C)_N,L I, L) RE T_lHr,l
_,lO IF (V,LE,SHIFT(II-_,I Ib{-A_t=l
_20 IF ((v,bT®_HIFT(1)-2,),AN[), (V,L.L,_'II_TI2)-2,)) ](_EAR=2
w30 IF I (V,C_T,SHIFT(z)-2,),ANI), (V,LFeSh|F_'13)-2,)) I()EAR=3
_0 IF (V,GT,SHL_'T (3) -2,) IGF Ai.'=_.

_ _,SO bO TO 15

,,7(I Ibf A_= !

_,80 2¢_ IF(VoLE,SHLFT(I))(._{_ TC_ 3b

500 15 IF (IGFAR,[CJ, I,O_',()TTYP,(;_,|I GO t(I _b
5lO INuST = IC.__'w-ZODE Am
520 IF (JFLOX,tI.,I,M')I/,I_ubT,FI),a.) ]C.FAN=IbFAR-I

b30 JFLUX=O

_ii!] b5(I hilT=GHATS( |(.|AI_)

5bO RE TU:__,
b?O 20_ (.ALL iRl_@
bRO "_0{) CALL LR_,_7
5gO _,00 IF(I_,IARoF',®IIq_TLJ_',_
bOO V I =W')S_C=k'_I_ ( IC EAt'- I ;
61 r) b() T._) l121,123t321),bTTV_'

l 620 12 '_ ]F IVl,bT.wt '_XIk'ETLs_;N
'C. 6"_0 IF (Vl_C_T a_"l_X eANI)®pTTYP®t L,2)l_t. Tt)_'"

:" 3

• ,;o,
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6ENERALO ELECTRIC

640 OAR(|,lq2)_(l+Ig2)*[*

650 WTmVI
660 [bEAqm|bFAH-I
670 _=Vl
680 EON=I
bqO CALL ENG(1)

700 [FIDTTYP-I),+I33
710 RETURN
720 1_3 MON=I
730 WM:WDS*bRAIb([GEARi*b_M
740 CALL MTR(1)

7_0 RETURN
TbO 373 CALL ERR2
770 RETURN
780C
79OC XCVT=I FOR CVT(CONTINOUSLY V_R|A_LL TRAN$M|55[ON) OPERATI_P_
600C

810 900 IDO:I
811 [F(WD5,_(_,O.O; wO5=O+OOOOOOO!
820 IFIITER,kQ,O) bRT:RR
B30 WEX:WOS*bRT
840 W_X:WDS*GRT*GRM
850 IF(WMX,LE,N.O) W_X:WIDL[_'
8bO IF,WEX,Lt,O°O) _LX=WlDLF{ETYP)
861 NT:ECVT
870 [F(CTYP,EL_e3) _O TO 930
880 IF((TYP,E(J,4} bO TO 940
BgO GRI:RR
gO0 bR2=RR
910 910 [F(WEXeGI°WEMX) (3RI:_EMXlWD5
920 IF(_MX°bT®WHMX) GR2=_M_X_SPFR/_U5

930 ]F(WEX,GI,WEMX,OP°WMMX,LT°_HX) bRT=AMINI(GRI+GR2)
940 tO TO 9_u
9_I 930 [F(WEoGT._EMX) b_T=_MXIWDS*bPFR
g42 _0 TO gb()

950 940 IF (WMX,OI°wMHX) (iRT=_MHX*SPF_/W{)b
q60 950 RETURN
gTO _ND

3_22
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GENERAL_ ELECTRIC

1oc
20C te*_m_lett LfINP()NANT PO_E_ ROUTIN[ _eatt_.
_oc
_0 5UtSR(JdTII'_f _{)NPWH

"" 50C INL|.U_E HYPRi
60C [NCLtJO[ PYPH2
IO{) lbUU=b

. llO _T:WD5*GRT
120 L_(PDS),_

" 130 PT=PI)b/r_R_SI(3N(i,_DS)
= [_0 PJE=JFNG*A_V_IbRT_bRAT$(SI)**21(3240,*DWHL**2)

-, 150 PJH=JMTR_AeVe[_RT*bRATS(_}|e*2/(32_O**DWHLe*2)
160 _5 bO T3 (IOOtI_2OOO_3OOO)_I)TTYP
ITO 60 PT:O,
180 bO TO 65
IgO IOOO WH=WDS_GR _

;. 2OO PJM=PJM_(b_M/bRT)_*2
-_ 210 1OO5 WE=WDS*GRI

220 bUN =l
-' 230 MON=I

_, 240 IMGF=O
': 250 IEIF=O

260 IFIDCTY_,GTo4) GO TO lOin
_:. 270 IF(VN,EO,VU)GO TO 5000

i 280 IO10 CALL ENG(I)
290 CALL MTR(I;
300 bO TO 5000
310 20OO WM=WDb_GRIeGRM

320 bO TO 1005330 3000 CALL ERR2
3_0 5000 EON=O

:_I 350 MUN=O" 360 RETURN
_' 370 END

• !

i

-it
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/
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GI_NERAL@ ELECTRIC

650 _ATA PMX3/O.,23ob_b|eL_64_70oR,Hbt|,R6et_|OOo,92.6,H�eA/
660C
670C _J**_*_ (+TYP _ _ DATA F_OH HON|_A CVCC |975 _*_m_@_n,_
680 DATA POWLR_/O..IO.*20.,3f).,_O.,SD*,6Oo*70,,8Oo,9OeoIDOe|/
690 DATA 5PEEl)_/O.,18.2,t_=_*45045,5_eb*61*6®72=TtBleS*90.�t|O0.[/
700 DA_A _SFE_/lO*Se*_.,l.7*loqtt*b*loq_eZetl.q6.

7_0 _ o�eeSb*o79+eL_gT_® fgS**_HS_e865.eH|togT_e&7*
730 b ._,=76+.TLto_l,._H7,_hSg*er/Z+o65_**R_Stlo27_
740 6 o/,+655,.+55**554,.67*obSl,e62,.5+5*®?_S*teO9+

7bD b ,_,+5_5+._9),0_8,0_|,._16,0516+0_5,0b_5,.821+
+ 770 _ .b,v491+o+4I*o44**47+eS(+StoSO_*oS_S+ef)25**729*

800C DATA P_X_/(Io,_Se�,57._,67.Rt7qe_*86,R+q_o|*|OOe/
; 8|0C DATA REVNX/500()e_5500.,5500._Sb09 =48000_4U00,_4_400*_R00*/
'_ 820 DATA HP_X/qOotJZOetSl.]t9R.,87e7,hAe7*90._lOSeb+72+*70e/
++ 8+0C

eSOC

660 DATA PMX4/()etlSe9_|9.g,25.�_teTt_To6,S?.L_7[e_82eltq_._l
+; 870 DATA PU_R_/Oo,LOo,20.,]O.,6().*5Oo*6Oo*7Oo,RO.*qOo*LOO,O/

890 DATA _bFC_/2*l.35,|._,Io3_ti.7*2.J,2.Tt3.4._.6._.0,
- gO0 b _*l.t_*l._b,l.OT*l.,l.Ob,_.l,!.l*l.2*l.4*

9lO 6 Z*oB75*.Bg,o79,,bR,,b7,._9,.70,.73,.T6,
9_0 b pleb75*e_7+ebOPteSbte_b**S8,.57_*®Sq,.6,
930 b ?*057,oSb,®552,.bl,eS,.Si,.515,.51.e55,

!;*. 940 6 ?*e52**5,oS_e4b_,*475,e4+PS,*47_,o_83,.4gS*
++" 950 b e*oSlS+.47.o47_,e45e.4_+.+5+o4_.o47..48+
_:_ 960 b 2*®52.._6t._b,.43,.63,o_33,.4_5,.45,+_7,m

_+ g7_ b Z*oS_F+*.47+e+6bte425*.4+,®4_2*e45*o45+o4b*

990 & _*®5_*0475*._2,.45**_31,.AhS*e_bS*e48,oS/

. lOOOC
;i_'_.... lOlOC *_***_*_*ETYP=b PINTO 140 C|_ 1977*_****

!_7: I02OC
+ : I030 =)ATA PHXblO,.b..b.qb,lr.4,30.9,_.l,bb.7,b_+_,75,b,R_.StlO0_Oll

*7 I0_0 DATA 5PEFI_5/Oo,Ib.bZ+IToTI,?OoR3,31.25,41.67.S_.lT,62,5,
*-+ I050 b 77.92,_+._3,100.1/
_ I0_0 t)ATA POWf_b/Oo,IOo+2Oo,30.,_Oo,bO.,60®,70.,8Oe,qO,,IO0.|/

=;". 1070 DATA _UEL_I205t2.5,2.7+_I,4.3,_.8,5.Z,b®O,8.0,10.,14.Z,
:_ LOS0 6 2,b,_ob._o_,t._.4.b,4.TqS,6.4.R.157,q._4_ll.56_,lb.|79,
L_ .' 1090 b 206,2,6,2®9.t,t.4,8.5®51197.7*9®824,10._99.I_.O_4.1R.TDl.

llO0 b 2.05,/®bS,_.,3.5,5.2._._Tb,9.,l?oO_b+l_.349,16,,20.Rb_,
_i'_ 1110 b 2o_,2*A,_ol*3ol+.5.t,7.48_*lOob,l+.Sql,15+24_,Ib.971*_1*2_,

+i_ 1120 6 2.q,Zog,_.l,_.2,_®_,R®glS,12..lb._bg,17.506,1q.O46,_b,80_,
_ I + LI30 b 3.,3.*_.b,_o7,7_2,lO._ll,13.7,1b.819,19._96,Z2._3*28098,

' II_0 b 3.2.3.J,_oS,b_t,H.3,ll.Sq_,lb.7,lToZO_,lg,RO_,_5._O_*t3.50L,, 1150 b 3o4,3.4,_2*6.4*_.9,13.297,18.3,19.469,23.027,_8._68._0._9.

I + 1160 b 3.6.3.6.6.7+8,_,12ob,16.77,21.9_2be_Ag.30.qO3,34,O]5._7,988.1170 b 4.,_,*5.3,L2_,1_.5*21.,?_.1._3.5*37._+_.7,49.7/

+! II�O_**_*_LTY_'=b MER_FDEb DI[_FL I_3 (11) Ig75****

i 1200C

_ ' L210 I)ATA _MXb/ile,ZOe,Jie3*_4o|,_O®_*75®|*gle_tg_e_*|OOe/I_ZO DATA bP_I)_/O,,I 7®_,_7_b,t?.b,50o,_O._75. tR?._,lOO.|/
i_ + 121U DATA PO_ +¢_,/I + , |0., ,2De *3f+e ,+0, .51)- .hOe .TOe eBOe .90e *|DUe I /

1
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I- GENERALk_ ELECTRIC

i 1260 b I.,L..,.b_,4.q32_.,go141_ll._*l_._Q_,16._t,

I+ IZ_O b l®,io,_.P,Tolfll,C_._el?._,f_+15.%,IO.l#_,lgo_l v,

i 13_0 b Io_.l®_+Oo4,l_04,lv.e_.lqo_.?Te_,,370.35._/
\ 1350C
+ 1360C e_**_e*e_l_P=7 _,TI_( 1_,1 lqTH *e_**
_r

I 137o_

139o _)_T_ _F _l'710o, l_o _ V _2_o 72,3_o_)_._ ._b,56._I ,6_o63,7_®72,

i l_eO b l._hL+l._nl,3.1?,b.,7.2,_o6_+li_._+lloO_5+13®506,lS®eT,
1_50 6 1057_,1.5_,3o716,5.05_.5,10.5_7_I_._,14.637515.577_IM®75_,
16_0 b l.bH?+Io68254e6_P+6.g_q._,l_._,16._16.11+Ig.30_+21o3,

. 1500 b 2,01c,2.r'lS.b.q_7.ll.?,16.3,2_.23_._.b,2b._.32.699.15._lS.

_+iI< 1510 b _._5_,,'.Ob_,_._?_,13.5,1H._,_.q,_6oS,_ollT,36._84+_8._,i! 1570 6 2.1,2.1,1C...4+1_.1,_2o5.1_._2,2+36.2,42._,4_.51
', 1530_

+i 1570 ')AT= 5_L'LL'_/0..I_o5,73.7,31.5+3g.5,55.3,71, .qq..lO0.1/
- _) 1580 L)AT_ P_)_Ew_IA.,I_.,_r'o,3_.,_Oo,5Oo,6F'o,70.,R()o,gOo+I_O.|/
+ 1590 _AT_ +JFL_/;.+.+o+.+.e,+,º5.3+Be+.IO.5.13,.I+..
++I •

16_0 + _.+,+.,.,+.11_.5.bi3363m+lt.7,t_.531m.?Ol+t+.qS_+I 1610 6 ;.+,+.+++.913,V.Itb+_.533,t+.+37,14.+B?,Zl.Ob,_IoSl,

i 1_20 + +.+,+._,).99b+_.351.ln,41m+lT.l+h+l+._5,22.+21,23.825,

1630 & _o_+3_+_o()3_q.C,_3_iS_Sb,lq.b+Zl._l_Z7.751,25._,
1650 b +.5+30_,+o+56+tO,?+_ºI5.3_73?to77q,?3.q6R,31®_17_+_®031,

1650 b _._3oe_+_.(.?l_l_._33,17._3,_3.3.P6.5,3_o776+_b.Z_,

1660 b _.6,3.h+5._77513'_6_,It;.65q.2_o307,?q. SqT,37.75O,38®b_5,
IbTO b _o_,3._,5o707,14,hglº20eC1;12,2_._bb,_O23,_leq21+_B._/8,

1700¢

1730 DATA !)P_l+Dg/lSe,_(+e,_6._,_3.3_fe,67o.53._hOo_67e,T6.7,

--_i__ 1720 DATA P_'Xq/ll.l+19.,.,2_._,_®2._bo_+53.6_61.1,69,,76._.

_'_iI 1760 b_. I, I_o,, It_0_/
1770 DATA F,_Cg/3.06,i®O_.l.76.l.3_,i.29.?el.2,lo2qºl.3_ll._q+1._6.l.

1790 61.++I.ObI,.R66,oT_3,o72P,.TISºoV2,oFS,.7+2,.7_5+.78q,.++

+ IPO0 _1003,.75_..66+®5Vg+.b_5,®SH2+obHRº.507+._05+®b_8,®_3+.P_6+
1810 60qqe.61Vºo53g,oSSL,,S13,eSl+,®b33,oSPl+.SPb..55,.5_b+e64P+

I '+°
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GENERALQ ELECTRIC

L890 &3oT,logr,2,03,2.26,?,37,2olS,So_7_2_li_So_L_l.gg*l,qt,So05,

1910 &_°Sgel,_2,107,l,g4,1,g3ole75,1+gS,Io72,1066*l,62,l,53*l,54,
1920 &5.,Sol,L,TS,lo_l,l,q4,1oqg,l®TP,l,43,i,52+l,48*lo37+l,_R/
1930 DATA _5_09/1200,60,*470*35.,43.,_0o_46.+55e+5_.+51,*¢5.*74,+
1940 &85,t49o,40,b,32,H+37,,_bo4,4_,t_6,g+47eT,45,S,38®7,67**
|950 &43e,27,,27._23,4,24o+26.T_2ge6,32.b_28oR_27**Sb,4,_®7,
1960 &37*t|go,l_o,17*7,2_eT,?3,l*24.b_23*5,23*2+20e3*2002*30*_,
)g70 &3_e.l&,&e17,6,lA.*20*7,20e4+SOe3*lg*3,|Teg*18,2+18+S+21*6+
lgSO _32..LSo_.17.l.lfl._'_20.7*lHo.17.5*lT.4.16o6_17.2417.+19*+
1990 &STe,lTe_+Ibog_Ige_*|To3,16*2,15oS,15,S*IbeS+lSe7,15*7_IT*6+
2000 &lS0*,2goS,17.b,1&o_16eP+lSe3,14og*lS,g,15®4*14*4*14.T*lS*q/
2010 DATA b5NOXg/SoS,?_55,2.75,SeR_4,S,b,6+q,,goS,1_,4_lTe_.21.S,16,_
2020 &2,_,Sob,2,9,4.2,602,7.l,ge_,9o83+13eg,19,3,22,4+I7.5,
2030 &2.b,2.8,3.75,6,4+R.5,q.3,11.7,12.8,1507,21.7,_3,8,22.3,
2040 &2.7,30345.1,8.9,11.1,11o6,14.2,15*7,18o3,22.4_2_.8+25.,
2050 &3.2._®246035_ll.4*13.4_14.l,16*4.17..lg*3_22.8,25.3_24*84
2060 &5.5,be75,To25,11ol,1302,L3ob,1505,Ibo,lSo+2003,22,5+23.2,
2070 &6,5,7,3_,8o2,12,1,14*1,I_*5,16,2,16.0,17*8*21.I_22.6_23,_
2080 &8.,B.b4*9.b+lS,q*14.g+15.b+17.3,17.5*IR.7*22,1*23.0*23*5/

2090C
2100 DATA PHXLO/IboR,28oB+47ob,63,0_76ob,O4.6_g8,_O0./
2110 DATA 5PLEDL01Z0o,3Oe,4Oo,SOe+bOe,BOo,gO,,100._/
2120 DATA PO_ERIO/IO.+20..300440..50..60**80..IO0.1/
2130 DATA _5kClO/l,OB,,QTeo84.oB_,oB4+ogS,le075+lolS_.BS**744
2140 &_bb*obb_ebb,eT6,._85.1.0.
2150 &.bg_ebO,e5&,05_,054,.6_,.74,.835_
2160 &e58,oSL5,o485*0485,0485,o565,.64+.725,
2[70 be540+e4tO+e465+e465*e465+oSL+eS_344654

2180 _.515,.4h5,.454._5,.4540485+.54,.605,
2190 boSO,e455**_45.e445+e445.e465.+495,.5_59

2200 &®525+o4Y+.484.48,o484049,050,.S7
2210 b/
2220 DATA BSHC10/.50,_50,oSO**53,053,0454.23**26_.38,
2230 & 038_03B_o41,.45,o62,oSO,o29_o30,o30_o_O,o3_,.41+.R7,.60,.3154
2240 & ®24*,22_022402&*.37+IoOB,,bS.o34._21,,I_5,.I75+.Ig**3O.I.0R*
2250 & o69_.35,020,0175,o145,014*®22,o86,o71,®37,o17**15,*I0,*I0*,13+.45,
2260 & 06L_o35,.16+,lO_oOE,®OB,oOR.oZ0,.Sg_.S6/
2270 DATA _SNOXL015.T*5.7_SoT.b.2*T.3,100,I0®3*IO.4*4®4,4*44_®4,
2280 & 5*2_6,Z_Bo8,gol,9.O,3.7,3,7,307,4.2_4.7+8®I,8.4*7.7+
2290 & 3oO,)oU+3.Oe3,4*3.9*b.6,7,3,6.8,Sebe2,6,206+3.0,3.4*5*9,6,8*6,2,
2300 & 204,2,_*So4+Se7,3.1,S.3,be2.546*l.B+2_O*2.0*Z®3+2.T+4.0*4.B*4.5*
2310 6 l®2+1*b_l+5*l+g+2.2,2oR,301*3.1/
2320 DATA B5_OlO/4.O,3oT,3*l,3.5,4,5*,5,e25+eGS,3.2,EeB*202*2ob*
2_30 & 3,4*,Sb_030*055+2_b,2.l,106,1,9*2®4*o80*045**55*S.3*l,6,1.2,
2340 & 1.4*2eU+l.O,®60,,55,Soq,loS+l®1*IoS_l.g*|*O*_70+*504
2350 & 2*B+I.b,I.I.).I.I,+oI+04+75,.37,+,4,2,1.1.I+I.I*1.I+._*
2360 & .604.3t+&eT*beT+l®g.l.5.1034.25;.30*.Sb/
2370 DATA BS_SlO/14.O+6eO,6.O.S.3.600.lOo5410®5.12.0.lS.0.4.1.4.1.
2380 b 3.6_4._,9,34903_10_5,1008+20g,2.9.2.6,3.448.1_8.1.8.14
2390 & 10.8+2®5*205,2.3_3®U+7,2*7®2+6®0,1200,2.6*2,4+2®_,2.9,6®3_
2400 6 6o3*4¢J*13*4*3*Se205eleg+2®8,_®2+5®2,3e4,18eO+To4,3*2+|,6*2*2*3,O_

2410 _ 3eOe2e|_2_e_|OeO98eSe2e3e2eT_3o292e3eleS/

2_,30 1SUB=9
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6EHERALO IEL|I;TRIC

2440 _N=_TYP

2450 IFIEON)55+5_,
2460 IFI_EoLT,_IDEI_L=WlDE
2470 WF=_E/WEM_mlO0,
2480 IF(WFot+ToIOO,)WF=gg,gq99q9
2490 IFIIDZ,EO, I)GO 10 1000
2500 |F(IESF,EU, I)FUEL=FUEL+FSTRTtHPI*PE_X_OR,2HIHPHX{HH)
2510 IESF=O
2520 IF(IEIF)+,50
2530 CALL LIN3I-+.I.PE.I.I
25+0 CALL LIN3I'I+2.+F+I,)
2550 IFIPF)60+º
2560 54 GO TO (IO0+200_300+400+SnO+_I)O+TU(IºBOO+B50_BTOItETYP
2570 50 FCONS=FIDLE(_lM)ePLMX_bOR.281H_MXIHM)_DTPI3600e
2580 IEON=IEON+[
2590 FUEL=FUEL+FCONS
2600 _E=_IDE
26|0 PE=O,

2620 EENG=O.
263C RETURN
264'0 55 WE=0o
2650 _E=O,
2660 HSFE=O.
2670 EENG=O®
2680 FCONS=Oo
268] IF(IHDeLO.O} RETURN
2682C
2683C HEATER _ DEFROSTER POWER REUUI_E_ENT$
2684 QREQD=OHEAT_DTP/(3bOO,*tlCON_T)
2685 FCONS=QRE.OD_54+5
2686 FUEL=FUEL+FCON5
2690 RETORN

2700 60 _RITE(b$LL)PEtPMXE+T+IGEAR+|CYCtDCTYP_II
27[0 62 POR_AT(|X+'EN_ PWR NEG: '+FT.Z+2F7. I_|S)
2720 PE=O,
2730 GO TO 54
27_0C
2750C *_****'_ kNGINE • I BRANCH _e_e_
2760 lO0 CALL PFC_L(PMXE,PEHX+PF)
2770 CALL BLIN(SPEEO|_OWER|+RSFCI_SPI_PWI_WF_PF,_SFC)
2780 GO TO 900
2?qOC
2800C *_*_ ENGINE $2 _RANCH _e_ee

28_0 200 CALL PFCAL(PMXE+PEMX+PF)
2820 CALL BL|NISPEEDZ+PO_ERZ+RSFCZ+SP2.P_2+_F+PF+BSFC)
2630 _O TO 900
2B_0C
2850C __ ENGINE $3 BRANCH *_*_
2860 300 CALL PFCAL{PNXE+PEHXtPF)
2870 CALL _L]NISPEED3+POWER3+RSFC3+SP3tPN3+WF+PF_BSFC)

TO 9002880
2890C _¢_e_Et_GINE $4 HRANCHe_e*_
2900 _00 CAt.L PFCALIPNXE_PEMX_PF)
2910 CALL BL|NISPEED_POWER4_OSFE4+SP_P_,WF_PF+BSFC)
_920 _o TO 900
2930 500 CALL PFCALIPMXE+PEMX+PF)
2q_O CALL _LINI5PEEOS+POWER5+FUELS+SPb+P_5_F+PF_BSFC}

To
2960 600 CALL PFCALIPNXE+PE_X_PF)
2_70 CALL BLINISPEEDb+PONER_tFUEL6+SPL+P_6_N_PF_BSFC)

I

+< i'_'+%il
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6|#|RAt |t|CTRiC

?.980 c_O TO 920

2QQ0 700 CALL laFCAL(PMXE;Pt.MXoPF)
3000 CALt. DL | N l SPEED7 _POWCR 7 _FLIEL 7 _ 51)7 _pki7 qwF _PF olt_FC)
3010 (10 TO 920
3020 flOO CALL PFCAL(P_IXEvPEMX_PF)
3030 CALL BLIN(bPEEDAtPOWFRfioFtJELI4qSPH_PWA4WFoPF_tI_FC)
30¢,0 (_0 TC) 920
3o'3oc
3060C _m EMISbION CALCULATIONS _m_
307OC NC=HYDROLARL%ONS_ CO = CARBON MOPIOXII)Eq PIf)X=N|TRIC OXIDE
30BOC r_EHC_NECUtNENO = CATALYST CIT)NVFHSION FFFICIENCY
3090C EMHCcEMCU,fMNUX = (.'_RAHb OF EMlSblOIqb
3lOOC
31tOE EMISSION CALCULATION5
3120C COME TO 850 IF E'.TYP= ¢)
3130 850 CALL PFLALIPMXEtPEMX,PF)
3140 CALL HLIN(SPEEDq_POWERq_BSF(.q*bPq_P_q_WF_PF_P, SFC)
3150 CALL BLIP_(SPEEDq_POWEHq*BbH(.qeblag_PWqqWF_PFqHSHC)
3160 CALL BLIN(SP|.I'DgtPOHF'f_q*BSCUQ,bPq_PWn_WF_PF,BSCO)
3 }.70 CALL t3t. 1N ( SPEED9 _POWEFIg t BSN(.}X9 q bP9 ePWq _ WF _I'}F e bSNOX )
3180 DTXZ=DTPePE*l.3_102/360Oo
3190 TCH_/=TCHWO_ (I_O-FXP {-TSAVICTCT) )

3210 EUOTA=ETUN/TCHW
3220 IFIEHOTA,LT,20,) EFAT=I,(_-EXI_(-F.BOTA)
3230 EF:f'FOHC*EFAT
3240 EN_HC=EMHC t�<�€�d�().,,O-EF ) *DTXZ
3250 EF=EFOCU_EFAT
3260 Et4CO:E_LO*85CO _ (I,O'EF) _'DTXZ
3270 EF:EFONUXeEFAT
3280 EHNOX=E _INOX*BSNOX _ ( I ,O-EF) _DTXZ
3290 GO TO qO(;
3300 FITO C_LL PFCALIPMXE,PEMX_PF)
33|0 CALL BLXI_(SPEEDLO_POWERI0_I45FCIOt-_PIO_P_IO_F_PF_BSFC)
3320 CALL BLIN(SPE_DIO,_POWERIOtHbHCIO,SP|0_PWIO,HF,PF_BSHC)
3330 CALL BL IN ( SPELDI 0 ,POWER IO _BSNOX 10 _SPl O_PW IO,WF ,PF _HSNOX I
3340 CALL _.LIN (SPEk D IO,_POWER IO,_HSCO IO _SP [O,_PW IO,_v_F,_PF,_BSCO)
3350 CALL DL I r_( SPEED l O,PDWER 10,P, bC510 _._P IO,PW 10,t_F,PF,8SC._)
3360 OTXZ:OTV*PE_ l •3_*102/36P0®
3370 [MHC : FMHC CrDTXZ
3380 EMCO= EML(I _DTXZ
3390 EMNOX =EMI_OX*DTXZ _,HSNOX
3400 EMCb:EMLS*USCS_DTXZ
3410C
3420 900 FCONS:L'_SFL_,PE_bOH®28_DTP/3600®
343oc
346OC HEATF.RIL)I FROSTt R
3450 BUR NM= O. (1
3460 T 1_IM= t60U,
3470 . IFIIHI),,_O®O) GOT O qO5
3480 E FFENG=U,I3,_/BSFC
3490 ENGM=FCUNS/454.5
3500 ()OUT=(I®U=EFFENG)_('_NGM/3,
3510 OREOD=OHLAT_D1P/IUCONST_TIMH)
3520 ONEt=OR_OD=OOUT
3530 IF rONET,LT,O,O) GO TO q(_5
3540 HURN_= OhE T _'_ b4, r)

3550C
3560 905 FUEL=FUEL*FCONS_BURNM
3570 EENG=2545_./(liSFC_ 190,_ )

O0000001-TSE13



oEm=nAL=Lcnlc

3580 9LQ IFIDTP,EO,DTI|EONn|EON®L
3590 OA_(St|q3)=OAR¢5*LQ3)+PFt|O0,

3600 OAA¢_,tg_I=OAR(6,t_I*WF/IOO=36L0 TEENG_TEENG+PE_DTP13600Q
3h_O CALL LIN31"I.I_.PFo|,)

CALL L|N3(-LeL3*WF*|e|3630
_6_0 RETURN

3660 9_0 FCON$=_SPL*DTPI3600=e453eSq_*t=34LO2OPEMXIHPHX(ETYP|
3670 PUEL=FUEI._FCON5
3bBO lFIBSFC.GT..OOIlFENb=25_5.*PE*|.3410211BSFEolgOo)
3690 bO TO 91.O
3700 LO00 CALL ACC
3710 _0 TO (IOIO_L020_L030_L040_I050_IO_O,L062_I064_IO66,L06_),ETYP
3720 lOLO CALL LINZ(SPEEOI,PMXI,$PI,WF,PMXE!
3730 bO TO 1070
3760 1020 CALL LIN_ISPEED?,PMX2,SP2,WFtPN_E)
3750 bO TO 1070
3760 1030 CALL LINZ(SPEED3,PMX3,SP3,WF_PMXL)
3770 GO TO L07U

3780 10_0 CALL LIN_ISPEED_,PMX4,SP4,WF.PN_E)
3790 GO TO 1070
3600 1050 CALL LINZISPEEDS,PMXS,SP5,WF_PMXF)
3810 bO TO I070
3820 1060 CALL LINZ(SPEEDb,PMX6*SP6,WFtPMX_)
3830 bO TO 107u
3840 1062 CALL L|NZ($PEED7,PMXT.SP7.WF_PM_E)
3850 bO TO 1070
3860 1064 CALL LINZ(SPEEDB,PMXB,SPS._F_PMXE)
3870 bO TO 107U
3880 1066 CALL LIN2(SPEEDg_PMXq,SPg,WF_PMXE|
3890 GO TO 1070
3990 1068 CALL LINZ(SPEEDIO,PNXIO,SPlO_F.PNXE)
3910 1070 PMXE=PMXE*PEMXIInO®

3920 RETURN
3930 EI_D

1
1

1
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GEIIERAL0 ELECTRIC

010 5UBHOUTINE MTRIIDI)
O20C
025C *****************************************************
027C THIS 5UBROUTINF 15 USED TO SIMULATE THE ELFCTRIC DRIVE SYSTEM OF A
03OC HYBRID VEr,ICLE
[OOC

ILO IbUB=7
120 IFIWM,LL,WJDM)WM=WIDM
130 WF=WMIWMMX*IO0,
140C
15DE PROGRAM VARIABLES
16DE IBAbE = _ASE CURRENT
170C IARM = ARMATURE CURRENT
lBOC IFLD = FIELD CURHENT
190C IBATT = BATTFNY CURRENT
200C IAUX = AUXILLIARY CURRENT
210C IMGP = O IF Mt)TORINb NO REGENERATION
220C IMFG = I IF B_AKING/RLGENERATION
230C JELEC = 1DC MOTOR WITH SEPERATL ARMATUR_ AND FIELD CHOPPER PCU
2_0C AND FIELD CHOPPER PCU
250C JELEC = 3 DC MOTOR WITH ONLY ()PIE CHOPPER USED IN STARTING
260C MOTOR BY CONNECTING TO ARMATURE AND LATER SWITCHING
270C TO FIELD CIRCUIT
2gOC JELEC = -I AC MOTOR - INDUCTION MOTOR DRIVE SYSTEM
290C JTORQ = I IF UESIRED POWER/TOROUE CAN BE PRODUCED

300C = o IF D_SIRED ELECTRIC POWER/TORQUE CANNOT BE PRODUCED
310C MODE = I IF A_MATURE VOLTAGE CONTROL IS HEING USED FOR DC MOTOR
320C MODE = 2 IF FIELD VOLTAGE CONTROL IS _EING USED FOR DC MOTOR
330C MODE = 3 FIELU CONTROL WITH FLUX bET AT MINIMUM VALUE
340C MON = O MOTOR IS OFF COMPLETELY
350C MON = I MOTOR IS ON PRODUCING POWER

360C MON = 2 MOTOR IS ON, FIELD EXCITED NO ARMATURE VOL.TAGE,
370C ROTO_ SPINNING AT SPEED WIDLE
380C MON = 3 MOTOR FIELD EXCITED NO SPINNIN(,_ NO ARMATURE EXCITED

390C KE : SPEED CONSTANT
4OOC AKT : TOROUE CONSTANT

, 4IOC FLUX = FLUX
420C HM:INERTIA CONSTANT
430C RST : STARTINb RESISTOR
440C RA : ARMATURE rESISTANCE
450C RB = BATTER_ RESISTANCE
460C RF = FIELD RESISTANCE
470C PE : TOTAL ELECTRICAL POWER I)EVFLOPEI)
480C WFL : FRICTIUN POWER
490C W : WINDAGE LO_S POWER
5OOC WCL = CORE LObS PU

510C WSL : STRAY LUAD LObS POWER
520C _EL = TOTAL POWER REQUIRED TO OVERCOMI. LOSSES
530C F_ECH = TOTAL RECHANICAL TORQUE OR POWER RFOUIRED

-: 540C PBA3E:BAS_ POWER IN WATTS
550C T : TIME
500C DT = TIME bTEF SIZE

._ 570C WCHOP : CHOPPER _OWER LOSS
580C CEMF = HOTOR hACK EMF

_ 590C VA;(M : ARMATUHE VOLTAGE
600C VCHUP = CHOPPER VOLTAG_
61UC LHATT : _ATT[NY VOLTAGE
620C VBRUSH = VOLTAGE DROP ACROSS IJUbHE5 ....
630C WM/HPM = MOTOK SPEED

"-_ 6_0C ACCN : MOTOR ACCELERATION

L_

i

.!
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:_ Ii !

,,_J

__! GENERAL ,0 ELECTRIC

_,NC 15 M()T(JN/bl-rw i1_:? MON = (I IF M(ITOR OFF

_(J IE(MOI_.Gi ,1) bO T() ;_00
I b7(_ WM=()oO

l hRO I)M : 0,(_
6gO FLUX :.(.)•0
7130 VCHOP=O•I)

• _' 7|0 IARM=O®(}
" _ 720 I h_ATT'Oo( I

_., 730 PHATT =rt,(J
: 74(.) I.'HATZ =(I.(D

750 AHAT_= oU
1_ 760 IFLO = OoO

--__ t 770 GUTO ggq
i:/._ 7RO 200 IFIIDI,Et'.[) bO TO 400

" 700C wHAT TYPL OF ML_T()R?
'_ ROOC IFIJELEC.LE.o/)CALL ACMOTO

_',",{ 810 |F(JFLLC,(_E,|)CALL DCMOTU
_"-_1 820 IF(DToEi_,DTI ')) ]MON=IHON �B30 b* T[I 99q

_':;'i 840 400 PFAT:I,O
841 CALL AC(

._o _ 850 IF(ITR.L_J.I) CALL I)CMOTO

'_°:;_,_. 860 IF(IHTYPoLO.2) PFAT=.5

_i'_ .,/ BTO IF(II'_TYP.LO.3) PFAT=O.9880 PMAX=PNMX*PFAT

: 890 PMXM:PMAX !_
900 IF (WMeLT,V_I_AbE)PMXM=PMAX*wf,;/WI_AbL
qlO IF(JELEC.EO.I.()R.IBS.,EU.O) GO TO qg9

:,i':'!'_,o,._ 920 IF (WH.LToWHASE) PNtXM:Oa_.mPMAX
_-_,._!_ 930 IF(JACCLL,,EO.I) CALL DCNAX(PMX_.;,WM,SNEW_R5$)

:_" _°,:*"-', g_O 099 lF(lTPet'Ooi) CALL DCM[)TO95(i RETURN
i:_?( q60 END

"i,,!,_ g70 SUHROUTIINE r)CMAX(PMXM,WIU,SNEw.0RS_}
._..,_ q80 DATA RSTART _EUO,RHB_FLLIX/.O76*LI3_,.OSb,.Q/

I{')00 b. 3_67._ .Oh2 _..()07..00233. I. |bl

i: |0 |0 WE_=200(I.
" IO20 500 WCR IT=2UO0.

IO_O RT T =RA,,RL.'RI',D
I0_O PMLOSS=LF *WXXIWl_*CCL* (WXXIW_$) _ I, 5_CW* (WXX/WB) *'3o

i;!:o;1 1050 550 IF(WXX.'..,T.2(.O0.) GO TO b,(;, IObO ERH=EP, O/? ®-RSS*bNEW/2, ..-
,__.°'i._:i IO70 RR=RI3H / _'•

,o,o
III0 570 EH_)=EHO-RSS*bNEW

1130 RST=O.O

" |18'-} 6('1(I FLUX=IEBIJ-RtS'_AL.OS_©VB(;)/I;e*AKVIWXX)

" 1190 70(1 ALOSS=PLOSS/EL_H
1200 ACUR = ( EtIH-VHCo.=RH*ALL)_b=,AK V*WX X eF LUX ) / (RH.,.RTT*R.ST ) ....

i; 12.I0 PEM=AK TeWXX*F LUXeACUR/';'O_T.
1220 PMAX= (Pt MopML055/l ('IOn.)/ 1.01
1230 PMXM=PMAXo,,g

I

3=32
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" .;.!_;_T .......... ::'" ..........................
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._ GENERAL ELECTRIC

-_ . _ |23L TEM=AKT_ACUR*FLUX
|232 T_X=TLM-pMLO_5*7* O_7/WX_
1233 ABAT=ACUR_ALO$5

i. LZ_ ERcEBB-HHeABAT
_i_ 1235 8B8 l[=tl_l
_ 1236 dd=lit8)*

_ 1237 KK=II=JJ*8
123B TIH=IIIH®

_i. 12_0 999 RETURN

i. 1250 END

_oil

i

_/°i

_¢i,o"!

_,,2;I

--_ o:1i

i it 3=33
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GENERALe ELECTRIC

020 SUBROUTINE HAT(INBAT!

040C
050C Trois 5UBRUUTINE 15 USED TO COMPUT_
O60C EL) THE BATTERY CURRENT • VOLTAGE FOR A GIVEN BATTERY POSEN
07OC (_ THF PARAMETER5 (EO_FI_2) OF THE 51HPL|FIED BATTERY HODEL
O80C GIVEN BY EBATT = EO-3Ie$5-E2_IBATT
090C

' 091C lt_CLUDE _PRI
092C INCLUDE HYPR2

' lOOC
""i IIO DIMENSION _CELL(3)
:'! I20 DATA ARI*AR?*AH3_BRI_BR216,556_O*_'*?I4_352_®I271

|30C I_ATT = TUTAL BATTERY CURRENT
|_OC A_ATU = UNIT BATTERY CURRENT
ISOC PBATT = TUTAL _ATTERY PU_ER

" 160C E_ATT = TUTAL UATTERY VOLTAGE

_._ _70C
_:, 180C IF HERE FO_ THE PIRST TIHF INITIALIZE

190 |F(ITReNL.|) GO TO lOl
20OC
210C CONVERT RATTERY PARAHETER5

i-)'- 220C

_} 230 RBASE=VBA3E/IBASE_, 2_0 VNZ:VCNZ/V_'_SE

i 250 VNF=VCNF/Vt3/_SE: • 260 RNF=RCNF/_BASE

270 RNZ=RCNZ/_HASE280 VBR=6e3eVHASE/EBREF
Z90 ALPHAT(|I=ALPHA(L)/VBASE

300 ALPHAT(2)=ALPHA(Z)IVBASE
,r 310 ALPHAT(_)=ALPH_(_)

_20 ALPHAT(_I=ALPHA(_)
1

-i _30 ALPHATISI=ALPHAISI/V_ASF3_0 BETAT(I)=t_ETA(I)IRHASE
i 350 hETAT(2)=I_ETA(Z)/R_ASE

t 36_ _ETAT(3I=HETAI3I_IBASE370 EtETATi_)=I_ETAI_)_IBASE

l 380 _tETATIS)=UETAIS_/RBASE390 EHVE_=EBV_H/VUASF

_00 _IT=EII/VI_ASE
_LOC bET INITIAL VALUES
_20 55 = 0.O
_30 (,O TO (LtI,20_3OI_I_TYP
kkO 10 EU = ALPHATIZ)_N5
_50 El = (ALPItAT(2)-FIT)_N5
_60 tZ = -_f IAT(ZI_NS/NP
_70 _0 TO IO0
_80 20 EO=VNFwN_ leNb
_90 E)=O.O
500 E2=_HF_N_I_N_/NP
510 GC) TO LeO
520 30 EO=V,_Z_NLI_N5
530 EI=0=_
5_O E_=RNZ_NLI=Nb/NP

_1 b50 IOO A l =A" I'_ I,I'E F/IV,ASE,ALPHA (2) ,
...._l 5bO A2=ARZ_PH[ F/(V|_ASE_ALPIiA_2))

5?0 A3=AP3_t*HI F/(VBASEeALPHA(?) I

iiI 580 _I=_R|_[_t.F/(VRA,E'ALPHA(,))
i;l

!

AAAAN_4 To=r_



GENERAL C;L_CTRIC

590 t_2 =HR2_Et_HEF I (VB/',5[:*ALPI, IA ! _ ) )
600 B3:BR3*EPIHLF/( VHASE*ALPFIA (2))
6LO ITBAT=O
620C IF HATT[HY VOLTA(J[ 15 KNONN SKIP THIS SECTION
030 CO! IF ( 1NBAT- l ) 3OO,200,500
640C
650C 50LVE OUADHATIC EUUAT|UN TO GET ifIATT
660C
670 200 AA=E2
680 BB:E lmSS-LO
b90 CC=PSAT_ONC I*NS*NPtUAHC/(NP2_NC2*NS2*UAHC2 )
700 TMP=RH*B_-4•_AAeCC
1|0 IFtTMPoGE.OoO) GO TO 22(.)
720 TMP=O®O
730 I TBAT= i Tt_AT_ 1
740 IF(ITBAT,,GT®I) GO TO 220
750 WRITf:.(btL2g) I TER ,PM _WN,PE _,WE,FLUX ,, | ARM,I ABAT 2 ,_PBAT2 +EO t P.2 q,E_AT2
760 btAA,BB_CC'=NP2 *N_?*PMXM
770 229 FORMAT(OIlER PM WM PE WE FLUX |ARM
780 b ARATZ ° ,/, IS,?FIO®4, tPBAT2 EO E2 EBAT2 AA
790 b Bt3 CC NP2 N52 PMXM °_/_IOFR®4)
800 220 IBATT=(-t_U-SURT(TMP)I/(2,*AA)
810 300 EI_ATT=EO-EI*5$-EZQIBATT
820 PBATT=EUATT* IflATT
830 EBAT2=EHATT*NSZeEHVEH/(NSeE[_RI:F )
840 50 ARAT2=P_AT2/EHAT2
850C
860 lF(SSoEU®O®O) GO TO 999
870C
880 AHATU: IHATT/NP
890 AMPS=ABS (ABATU)
900 AL IMI T:St)®/IUASE
9tO IF (AMP5,LT.AL |MITI A_ATU:5|GN (AL IM| T _AHATUI
920 IF(ABATU,LT,OeO)GO TO 600
930 IF(IBTYP®bF®2) GO TO 375
9_.0C
950C
960C COMPUTE. MUI)[-L COfrFFICIENT5
970C
9BO 350 ECO=ALPHAT (2) +HETAT (2) *AHATU
990 ELIN:ECO*(L,-Sb)+55*E IT
1O00 (.tAMM:ALPHAT ( _ ) l�”( _ ) *AHATU
IOIO GANN=ALPHAT (3) +tIETAI ( 3 ) *AL_ATU
1020 EUI =E CO-E IT- (ALP_-IAT t|) IAT ( l )'*A_ATU) * (GANN*55** IGANN i
1030 6"L,O)*(I®O-bb)**GAMM (55**%ANN)_(I•O'55)n*(GAMM-IeO))
1060 EU2=-HE TAT (2)* ( l ®O=55)-HETAT ( ] )*(SS**GANN)_( 1 ®-55)*eGAMM
1050 _ - (ALPHAT ( I ) TAT( l ) * ] HATT) * (HE TAT (3) *ALOG (55) * (S5*GANN)
lObO b * ( l ,-Sb) **bAHM �!Ì�`�(4)* (AL(._G ( l ®=SS) ) * | ( l ®-551 **GAMM)* (55"*
|070 b GANt_I) )
1080 EHU:EL I N �(ALPHAT ( I ) +HETAT ( I ) *At_ATU) * (SS*GANN) * ( l ®0-55) **GAM_
1090 EOU=F HU+I"UI_Sb AHATU
1100 EO=EOU*I'_
II I0 E l=EU I*N,_
I120 E2:_'U?*r_b/NP
I130C

ll=,O GO TO g'_q
IlSO 375 PI_:PflATI*PHASt/ (Nf_*Nb,NCI)
| 160 CUN: I HAT I e lt*Abl"/NP
llTO CALL I;CUI"P(HH, IIJTYP,_55,CUH ,E( FLL, lTEP ,,|I$,EH)
| LBO [ O:£CFLL ( | ) _NS_N(. l IVI_A_[

'J P 1 o
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GENERAL@ ELECTRIC

1190 L L=OoO
1200. [- 2=FCE LL (3) *NStNC ! / (NP_RISASf)
121QC IF NO H[bFN_RAT|ON SKIP THIS SFCT|Uh
12_O IF(I_ATI,GT.O,O)GO TO qq9
1230 4D0 AX=AHI SS_AR3eSSee2=.
1240 ACU:-IHATT_IUASL/UAHC
1250 5L=_RL+_®*HR2*ACU
1260 EO=(AX-SL*ACU)_NS/VRB
1270 El:O,O
1_80 E2=bL*IUASEtNb/(NPeVHb_UAHC)
1290 41(| tO 70 q99
1300C
1310C CO_PUTL IHL _ATTERY STATE OF CHAHG_(S$}, KWN AND ANP-HOUR5
L320C
1330 50U IF (TDLRG®LE,O,0) TDC_(:=DTP
1340 IF (MONeE(JeO) PUAT2=OoO
1350 IF(MON,EO,O) AI_AT2=O,O
1360 AHU2=AHU?_AHAT2tDTP/NP2
1370 ACUR=AHUZ/TDCRb
1380 DCRATE:UAHC2/ACUR
1390 ACCX=ACUR_IHASE
1400 ACCY=ACCX*UAHC/UAHC2
1410 600 CALL LBAT(ACCY_IHTYPtAHC2}
1420 AHC2=AHL2*UAHCZ/UAHC
1430 TDCRG=TUCRG ¬�h�1440 _S:SS_lUASE*A_AT2*DT/(3600o*AHC2*NP2)

1450 BCHG=IoU-SS

1460 ENHAT:E_HAT*AHAT2*EHAT?*PUAbE*UT/3.6E6
1470 IF(A_ATZobToOoO)EHOUT=EHOUT_PBAT2*DT*PNASE/3o6E6
1480 IF(ABATL,LToO*O)EHIN=EHIN*PHAT2eDT*PBASE/3o6E6
1490 999 RETURN
1500 END
1510C
1520 SUBROUTINE LbAT(ACCX_IUTYP,AHC2)
1530 DIMENSIL)N AH(8_3)tDCR(R_3)
15_0 DATA AH/200o_IgO**180o,lTO*_145,_128,tlO8,tq6o,180, II?2et166o
1550 btlbOetlS_*,142o*130=tlO6*,141,R,132o3*122®q,l14,8,104e_95o,85*,76_l
1560 DATA DC_/5,O_38.,60..85._1_5,,2OO®,300,_4OO.,O.+50..100,,150,
1570 6,200,,3OO,,4OO,,8OOo,O,,50.,100,,150®,200o.250,t300..350,/
1580 J=IBTYP
1590 IF(_CCX®LE_DCR(8,J}) GO TO 30
1600

1610 WR|TE(b,III)ACCX,DCR(R,J)
1620 Ill FORMAT(bX,°ACCX EXCEED5 MAX VALUE °,/-SX,tACCX=O,FIO®4ltDEHAX
1630 b=°,FlO,4)
1640 30 DO 50 I:I,8
1650 IF(DCR(I,JI,GT_ACCX) GO TO luO
1660 50 CONTINUt
1670 I00 AHC2:(AH(I,J)-AH_I-I*JII/(DCR(I,J)-DCR(I-I_J))e(ACCX=DLR(I-I*J)
1680 6) JF
LbgO 999 RETURN
lTO0 END
1710 SUBROUTINE BCOMP (PB_|BTYP,SS,CUR,ECELL_ITER,IB_EB|
17ZOO
1730 PARAMETER NOAT=6
1740 DIMENSIUN BCGb(NDATI,ANHINDAT)_ESNFINDAT,NDAT)_ESNZINDAT_NDATI
1750 6_EEELLI3)
|760C COMPUTE LELL CHARACTE_|STIC5
1770C
1780C COMPUTATION OF BATTERY CHARACTERIST|CS FOR

3_36
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_tERAL_ ELECTRIC

|79CC NI-FL ANL) NI-ZN
|8OOC INPUTS: PBALT, St IHTYP
1810C
1820_C IBTYP=I _L_ ACII)
|g3OtC I_TYP=2 Ni-EE
|8_O_ IH_YP=3 NI-ZN
|BSOC ROW = 5 COL = AMP
_860C I_ATTERY t)ATA

|B70 DATA _C'_5/O,_*_e4Qeb_e_Qe_/tAMP/_*O_|_O._l_O,_200,o_()_3_Oo/
1880 DATA CS_F/lelr_le135ql®lOb,loOq,loOb,leO3_JoNB_le0_
1890 6 IIO2,loO,Oeq7b,Oo94,|oO32,leOO_,O_q76,0_qS6,
1900 (. o9_B_Oeflgbteq_Hte95_teq3,e%OR,eBR,eB5_
1910 6 o9_h_®gl_oHH_,eH_o8_bteHO_,oOS_oR2_eTQS_oTt_
1920 6 ,7_5,s72/

L930 DATA ESN_/I.713_I.b_+I.675,I®bS,IoS_|_53_I.h7+|.65+|.6_
19_0 61o6,)IoS_b,lo485,l_b4,loh2,Io6,1.fT,leSlb_l._b,lobl,l.bH,

1950 61oSb,l_525,Ie_75,1.43,l.565,l.537,1.512,1o_75,1_A25,
1960 61o385_Io525_Ie5_Io_65_I.425,1.3_,1o3/
1970C SEARCH FUR REGION IN WHICH DATA IS STORED
1980 IF(SS,LI,O,O,UR,SS,GT®O,QO)GOTU_55
1990 IFlSS,LI.HCbSlbllGOT050
2000 II=NOAT-I

2010 bOT0200
2020 50 DO lO0 I:I,NDAT

20_0 IF(SS,LI,BCGS(1))bOT0200
2050 tOO CONTINUE
2060 200 IF(CUR,LT,b,O)CUR:5®O
2070 IFlCUR,bT_IaOO,lGOTOSb5
2080 IF(CUR,LT_3OO,)_OTO_O0
2090 JJ:NDAT-I
2100 bOT050_

2110 #00 DO _SO J=I,NDAT
2120 JJ:J-I
2130 IFICUReLTeAMP(J))GOT0500
21_0 450 CONTINUE
2150 50n |F(IBTYP,EU,3)GOT0550
2160 EOSIII:_SNFIlI,JJ)

21'0 EOSII2=_SNF(II,JJ21BO EOS 121=t.SNF ( i ! .1 ,J J)

2190 EOSI22=tSNF(II*I,J,)_I)
2200 GOT0600
2210 550 EOSIII:LSNZ(II,JJ)
2220 EOSII2=tSNZ(II,JJ ”�ä2Z_O EOSI22=t5NZllI_I,JJ*I)

2250 bOO DELb=(Sb-HCGS(II))/(B(._,b(II*I))-B((,b(II)
2260 EOSI=EOblI!+(EOSIZI-EOSIII)eDELb
2270 EO52=EObII2*(EOSI_2-EOSII2)*DELb
2280 SL=(EOSZ-FOSIII(AMPIJJ, I)-ANP(JJ))
2290 ECELL(II=EObI-SL*AMP(JJ)
2300 ECELL(2):O®O

2310 EC[LL(3I=-SL

2320 b0T0999
2330C ERROR MtbSAGE

23_O 555 WRITEI_,_6)ITER,S_,CUR,PB

2350 6()6 FORMAT(I,2_T,O_NPUT DATA OUT OF RANGE,IT_RtSS,CUR,PR=_,
2360 61,2X,Ib_3EIZob)
2370 STOP
2380 999 RETURN

2390 END
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6E_EItALO ELECTROC

IO _UltRO_JTIPI[ LHHI (AA.AH,ACQAI_)
tOC INCLUD[ HYPH2
IO0 IF (|TXZ,LTI2IWHITE(b,IOO)T+AA'DAHqA('AD
lOl ITxZ=ITXL*!
l|O 10CI I'UHMAT(IH teHAX Pt)WEH EXC|EDIDe'_SIqo4)
[_0 AI)= |OO,
130 200 I.'ETU_N

1_,0 END

IO bUt.4_OUT l NI- t-'FCAI. (A 1 _A2 _A_)
20C INCLUDE HYPt_2
|00 A_=PF/AI*IIIUo
lOl ITZX=ITZX_'I
110 il'(A_,bE,|U0ol )CALL LHRIIPF_WE_AI_A3)
120 10(3 Nl-.TlJ_r4
1:30 LND

IOC
2OC _e*_m_LIN_AR |NTERPOLATIO_ NOUTIN[5 °*******
3OC
_0 bUH_OdTINE LINT(XAR,YAR_TT,VV,AA)
5OC INCLUI)F HYPH?
IO0 DIMENSION XAR(I)_YAR(I)
lOl l(_O=O
102 T2=T
llO IO |TI=O
120 I|=XAR(|)
130 I)O I00 I=3,1!

14l) lX=l
150 IFIT2,LE,XAH(]) )G(I TO 200
160 IO0 CONTINUE
|70 200 IF((T?e(DT_,q))._T,XAR(IXIeANDolbU.EQ.O)| TI=I
IBO VO=VN
19N VN=YAR(IX-I)_(YAR(IX) -YAR(IX-I))*(T2-XAR(|X°I)|/
200 b (XA_(IX)-XAR(IX-[))
201 |F(XbOoEO,l) GO TO 222
202 VV=VN
203 lbD=!
204 T2=TT*I
205 b[) TO 10
206 222 AA=VN=VO
230 TO:T2
2_O ggq NETURN
250 END

3=3_1
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GENERAL_ ELECTRIC
• L:'

• _ LO SUI_ROUT I N[ L I N2 ( XAH • YAR ,Ji _t4 QX V vY V )
_OC INCLUDE HYPN_

':-" IOO DIMENSION XAR ( l ) •YAR ( | )
LIO I)O LOO I =_,, IXM

" .-*" I_O lX=I
:_:_. 130 If, (XVeLE®XAR ( ! ) )bE.) TO 20(1

; 140 100 L()NIINUE
• 150 WRITE (6,, lob) XV•XAR ( I XM) ,_IX • ] SUB•T e I CYC..

160 IO5 FURMATtLH_IXVAL OUT OF RAN(=EfLIN2)=_2EIIeS_IS•FT,I_IS)
"_"" 170 200 YV=YAR(IX-I)*(YAR(IX)-YANIIX-II)_(XV-XAR(IXo|II/(XAR(IX)-

180 _ XAR(IX-i) )
190 RETURN
200 END

'L. LO bUHROUTINF )IL|N(XAR_YAR•ZAP•IXM_IYM_XV•YV•ZV)
T 20C INCLUDE HYPR2
_. IO0 UIMENSION XARIIXM)_YARIIYM)_ZAR(gXM_IYM)

llO DO I00 I=?,IXM
-4

120 lX=l
' 130 |F(XV®L[eXAR(I))bO TO 200

.... 1_0 lO0 LONTINU_

150 WRITE(b,I_bIXV•XAR(IXM)tIX_
; 160 105 FOWMATtIH QoXVAL OUT OF RANG_ (BLIN)e•ZEII,5,Ib)

i_118017070_ tJ()lY=i210 I:2QIYM
190 IF(YVoLE,YAR(I))bO TO 300

_ t 200 2ln CONTINdE

210 WHITE(b,tIb)XV_YV_YAR(|YN)_Iy
220 215 _URMAT(IH ,eYVAL OUT OF RANGE (BLI/I)_,3EII,5_I5)
230 _OO XF=(XV-XAR(IX-I))/(XAR(IX)-XAR(IX-I))

l 2_O YF=IYVoyARIIY-I)I/IYARI|YI-YAR(IY=II)
,:. 250 VI:XF*ZAR(IX_IY-I)*ZAR(IX-|,IY-I)*(Ie-XF)

_60 V2:XF*ZAR(IXQ|Y)*ZAHilX-.I_IY)_(I,-XF)
- ZTO V3:IVZ'VI)*YF_ 2HOE V_=YF_ZAN(IX,IY)+ZAH(IX_IY-IIe(I®=VF)

,_ 290C VS:YF*LA_(IX-I,IYI*ZAR(|X-I_|Y-ll.(I®-YF)
300C V6:(V_-VbI*XF*V_

.I 310C ZV:IV_ ?,
_J 320C IFIIVb-V3),(,T,_UOIICALL tRR2

;_1 330 ZV=V33_0 N_,TU_N

( t50 L'_D

°!
.! lO bUHh'OdT lNL _RR2

,_ ! iO0 wNITL (6,10u) lbUH
i|O IDr_ Ft)I_MAT(|H _ **#*¢ LOMPOf',ANT P;OT ]r-_PLfMfNTI. I) #***otoJSUt_=°_13)n

l_n bTOP
130 END

=_ :/i

' i

,-J
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/

i_ _R,L _ Et_CTnlC
, i

i'L" ioc
_, 20C em_*l**ll***C YC[:NI_ NOtJT INE ei_ll_**_#_*

t. 30C
_:.. O0 _UHROUTIN_ LYC[-NDIID)
_: 50C INCLUDE HYP_I

i 60C INCLUDE HYPt_ ?
lO0 IF (ID(,IiT,I90)RETURN

IC llO WARIL,)ID)= FLOATIICYCI

i 120 OARIE,)ID) = FLOATIDCTYP)
?. 130 I.)AI-'I_I*ID) = FLOATIlII"I,

*,_ 140 OAI_I4,ID) = KI_:
150C (LITERb)

i. |60 OAR(b,ID) = FUEL*3=78r_412/(RHOF*454®SI
i' 170 OARIb,ID) = hCil{a
i'f

=! 180 OAI_(7,ID) = (BCI - RCHGI*HSE( It_TYiJIeNBICHGREF

t.:.., 190C ROLL RE5
200 UARI8,b|D) = Kl
ZIOC AElaO

_ 220 UAR(g,D|[)) = K2. , 230C VEIl INERT
_- 240 O/_N)IIO,ID} = K4

__, 250C RE UUT
(: 260 OAH[II,[I)I = EVD

270C NE IN

290C TOT ENG|NF LNG OUTPUT

: _ 300 UAI,tII3,)IDI = TEENG
-_.._ _1oc ENf.Fr
._/,Ii_._ 320 |I'(FUEL.GT®OOOI)UAR(I4*ID) = TI_ENCt/(FUEL/BI.q44)*IO0." 33oc L/_oo(_

'i) 3@0 OAI.iIIS)ID) " (OARIS,IDlelOOI/KM
350 IF (FO[:L.GT*OO01)OAR ( 16,_ |D) = KM/ (! UEL110581.4_I

} 360 OAR(17oTDI = EHOUT

!

i

r_

<!i;:

i"iI,.!
._J

: ? _/ I
/

,- :5}

::ii>,}
,' [
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G|NFRALO ELE-CTRiC

LOC
2OC _****** ACLLLEHATION ROUTINE _*e*_****
30C
40 SUHRt)UTINf J_(.CEL
bOC INCLUDE HYPRI
60C INCLUDE HYPH?
IOO ibUb=13
llO VO=O,
I20 _II)E=WIDL[_
|30 Wll)M=_|DLL A
131 SNEW=SACC.
140 DU 12 |=l_lOW
150 DO I0 II=I,IOD
1_0 10 OAR(II,I):I)°
170 12 CONTINUE
180C ****_ GRATb (41 HU_T BE HIbH_ST G_AP TO WORK *m*****
Lg0 UAR(17,53):WEMX*DWHL/(5.3052*GRATS(4)*bRATS(5))-2e
200 UAR(I7_55)=WHMX_DWHLI(5o3052*GRATS(4)*bRAT_(5))-2.
210 IF(DTTYP,EU, I)OAR(17_55)=WMMX*DWHL/ISo3052*GRN*GRATS(5))-2_
220 OAN(17,b4)=AMINI(OAR(17_53),OAH(17_55))
230 DO 8 I=I,3
240 80AR(17_52*I)=AMINI(105e,OAR(17_52*I))
250 VN=O,
2bO IESF=O
270 DO 513 IEI_=I,3
280 bO TO (113,213_313)_1CIF
290C ****** MAX ACCEL HEAT ENb ONLY *********
300 113 PFEA=I,
310 PFHA=O®
320 JE=JENb
330 JM=O,
340 I_(PEMX.LT.,IIGO TO 513
350 CALL RK
360 bO IO 513

380 2]3 PFNA=|e
390 JM=J'TR

_|O IF((pMMX,LI,.I).OR.(PE_X.LT..I))GU TO 513

_20 CALL RK
_30 bO TO 513
_4OC *_*****MTR ONLY**_****_

450 313 _FFA=O,
_60 JE=O,
470 VO=O.

_80 IFIP_MX_LTo_I)GO TO 513
_90 CALL RK
500 513 CONTINUE
510 IP(IESF,FO, I)WRITE(6,1000)

520 O0 523 1=2,50
530 523 UAR(13,I):PLOAT(|-I)
5_O I_bF=ICNNT(I)
550 IF(IHGF,LT,ICNNT(?))IMGF=ICNNT(_)
560 IF(IMGF.LT,ICNNT(3))I_GF_ICNhI(3)
570 IF(IPRTSsGI,OIGO TO 713

580 WNlTElbtIOl0) _..1
590 DO 710 II=I_IMGF :
600 710 _RITE(6,1OZOIOAR(I]_II)_(OAR(I,II}_I_I,I2)
610 713 VN=O,
6ZO O0 7Z_ [=l,lO
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/_°,

/_ GEHERAL EL[CTRiC

J

! b30 VN=VN*IO.
_'. 6_0 UARI|*S2)=VN

!. 650 II_ICNNTII)
:, 660 IE¥E=_

67_ T=oe
ii_ 680 IFIOAH(L,II)®GToVN)CALL LINt(ICYColIeVN_T)

690 UARII_b3):I

i._ 700 iCYC=5
710 II=ICNNT(2!

"I!; 720 T:U,
._ 730 |FIOAR(bQII),GTeVN)CALL LIN3IICYCtII,VN_T)

.,_: 750 II=ICNNT(3)
_i; 760 ICYC:q
L 770 T=Oo

780 i_(OARIg_II),GTeVN)CALL LIN3IICYC,IItVN,T)

_. 790 UAR(|_S5):i-_ 800 723 LONTINUE

_" 820 UAR(II,III:OAR(5_I[)
830 UAR(12,II):OAR(IOQI|)

/. 8_0 UAR(13_|I):(OAR(6_|I)*OAR(Stli))t2.-OAR(3,11)
B50 UARII6_II):OAR(IO,II)-OAR(6,11)

_. B60 733 CONTINUE
870 WHITE(6,10_O)

_ 880 _RITE(b,IO_Ol(OAR(2_I)_I:52,55)_(OAR(II,II,I=53_55),(OAR(_|)'= 890 6 I=52+bb)_(OAR(t2,|)'l=53_55) '(0AR(6_1)'I=52_55)_
_i' 900 & (UARI_3,I)+I:53.55)_(OAR(R_lI,I:52,55),(UA_(I_,I)'I=_3'55)'

'I 9LO 6 (OARtIO,_),I:52,55)
.l' 920 1000 FOR_AT(IH(_,_MAX ACCELERATION EXCEEDED DURING THIS RUNe)

*_ 930 IOIO PURMAT(/IHO_TIb_HEAT ENGINE ONLY_,T55,IENG * MTR_
9_0 b T_b,_MOTOR CINLY_/IHO_T_,ITI _E_TI2'_V{KHIHR)_'

_!! gSO & T22_tA(KNIHR'_)_T33"'NE (RPM) _T_I_M(RPM|_//|_ 960 1020 F-ORMAT(IX,T2,F'_.I_3(_X_F6.1_4X_F_.I*SX_Fh*O_SX*F6*O))

°_'i 970 IO30 FOHMAT(IH()_T_,_MA_ THROTTLE _ESULTS:e/IHO_T|2_
_,,: 980 6,Er._b ONLY FhG+MTR MTR ONLY**TSO_®ENG_TSg'*E*H_T6B'eMTH=/

_'_', ggO _[H _r_V(_P/HR) ' _T|2,_TIHE(SEC) I _T41 _lV (K/H} e,TSO,_TI ME(bEC) =)
_., 1000 l_L) FO_MAT(IX,T2_F5®I,TI2,3(FS,I,4X)_T_| ,_0.50_T_B'Z(F6®L'3x)_
_] lOlO b F6.1/IH ,T2,FS.I,TI2_(Fb-I'4X)*T_I=_O -IO0_T_R_(F6"|_3X)_

_ 1020 b F6_I/IX,T2,FSeI+TI2_3(F_eI,_X),T41,_30 =55e'T_8"2(F6eI'3X)"
- e" 1030 b F_.IIIX_T2_FS.I,TI2_3(F6eI_)'T_I _'60-lO0='T_8"2(F6,1"3X)"

I0_0 b FI)®IIIX_T_FS®I,TI2,3(Fb.I,_XI)
_ LOSO RE'TJrN

_, 1060 END
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:l

l "
IO _)UIIt_OJT l NL L 11'43( I XL _ IDY _XV _YVl

. " _OC |PICLUgL HYPV[

, ]OC i hCI.UI)L HY P="_

! llrI( ,ttt_._ |N _JPDATE MDDI_: IDY:I_, ,_}AX [l'i(a POWm 2r, MX [NG 51JD,

j 120£ 3:: MX VITR IJ(lt_, _; MX L_[N PWR. h= _Y. MTH _Pl)i h= MX IBAT OUl,• |._()C P= HX fiAT |1'_ fl= ._tX HDS_ 9= _IN PI)_, |0= MAX VEH Vf-Lt iln NX V ACC
"_ t_,flC I__;1_'_(_ Pf 13:tNfa _F ltt: NTRPF I%:LI[-N Pf" X6_ Hl"R WF

il |SrlC (-ALL L IN3 (- 1 ,_I DL)r4,,VALUt ,, 1. )
IoOC

'_ 17OC t_t_**l_; $HIFTA MODL , CALL Liri_J(O,ltl.,l=l
:_ 180C
,i

•_. IQD IF (IXL)_}()(),400.
, t

' 'I _00 l)O |ht') ! I I=?_II)Y
, _ .)lO IX=Ill

i 220 IF (XV.LE.C_Ab'IIXL,I III )C,O TO _CIO

230 lf)O (.(JI'IINUE
' 2,0 ,_'1'_I T[" (6,_ l Ob ) XV,OAN ( [ XL,, l X I _IX

250 I05 I-uIIr4AT(II.I ,IIXVAL OUT OF I.'AI'I(._E (LIN3)',2EII®5,,15}

" .I- 280 5TOP
.,-_ 270 2{)0 YV=OAR(I3,IX-I)*(OAR(I3,IX)-(JARI|%,iX-I))*

-(, 280 & (XV=I.,AI.'. ( 1XL, 1X- 1 ) ) / (OAR ( 1Xl. _ l X) -OAR ( 1XL _ ! X-I ) )
:.I: 290 RETURN
_ :'14'_' 3 _ O 300 UAR ( IDYt_I ) =AMAx! |DAN I IDYtS]" ) 'xv)

!-_ "-_I 310 RE TU;lN

i i"iI _: 320 _00 Dr, _IO l=l, _,330 bO TO (_20,_4)O,_.O),DTTYP

!:i _i 3,0 42f1 5HIFTA(I)=.9,.WEMX.DWHLI(5.,DS,*G_AT_II)*GRATS(5),._. 350 (JO T3 /.IO
,,,'-_ 360 _30 bIIIFTA (l)=A_'IPI IW_MX,_WMMX) *.qS*DWHLI (5.305ZIGRATSl l)*GRATb(%I l
.'_, 370 (_(] T,') ,I0

.I_,.,{ 3RO _,O WRITEI6,._*I)DTTYI'_,_T,IXL.IDY.XV.YV_SHIFTAII)
_ _ 3gO _l I-(}kMAT(IX,IX,EI().5,218,_EIO,,_}

._,.._ ,00 ,In (.Ot_TINdE_lO RETURN
.,:: ;i ,20 l-NI;

g ':_,}

z
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GFllERAL0 ELECTRIC

20 5UI_ROdT |NF HIc,
_ll]E | NLLUI3_ HYPt_ l
_OC INCLUDE HYPr_2
! O0 15UU r,21
IiO I.)O 225 INGI-n2QSO
l_tl |CNNT ( IEIFI=INCd c
1_0 I)O 21_ llnl,lO

|._N _l? (.AL.L Pt4AXA{VO_I)
|(_l) CALL DV/)TIVO}
LTO Kt=i[*A

I1}0 _ALL PMAXAIV_]*sS_KIo2)
|90 CALL {)VDI (VO*,3QK|)
200 K2=oI*A
210 (.ALL PNAXA | VO�oS*K?,_. )
220 CALL DVDT (VO+ob*K2)
230 Kt"='o I*A
240 CALL PMAXA (VO_K_)
250 CALL DVDT (VO*K3)
260 K_= s 1 _A
270 VN'-VO 6I*(KI_'_'e*K2*_,=*K3*K6)
280 IF cAsGT,IO=SIGO TO 210
290 VU=VN
300 bO TO 2t5

310 21f) PL)_=P{.)_-.O5
320 IESF=I
_30 bO TO 212
340 2L5 (.UNTINUE
350 |KNT:9
360 IF(1EIFsLO,I)IKNT=I
:370 |I-(IEIF.EQs2)IKNT:5
380 UAR ( IKNT, IPGF) =VN
390 UAR ( [KNT* I " l MGF} =A ii
_00 UAR ( IKNT �Œ�l�|HGF)"_L

I'tlO UAR ( IKNT_3, IF1GF) :W^t
_20 IF(VN={_T®O_K(17,b,?*IEIi ))(_C) TO 22b
'_3f) 225 C(}HT|NUF_
_40 226 HETU_

3=44 ..!
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GENERALO ELECTRIC

LOC

30E
t,O b_Jtl_O.JTlh[ LVUTIVt_)
5Of- [ {',ICLUPj_ _ty|'l_ ).
_tIC 1hCLU!)t HYIng2
l O0 I bt0t_: ?
I IOC L)if,,_L_l"_lC'J_l r(:( l I )
I?OC _Y (lFIL_,,f,_.O)bO T_ lOl
I 3(IC I U ( I ) ; Pe'_X_*PFI_ bet .D_'._,qbt, 9,3'_fcT/k'JL th_T*GP AT5 ( 5 )
|_OC T(JIZ ; I[_;.e_*(-,HI_[_ATS(5)eNTar¢C/(3._'_I_WHL}
l 50C T() ( 3 :i')_4X'*l)F_'lA_(')Dbeqb_tq. 3'_tNTI_T_NI)/V, II"4_C_I_M_'(_HATb ( 5 )

|70C 11.)( b = IJAE C* 9b _.9.3" i_IT¢'P.L/_,_,F
L8OC T(J (t_ .'-JWHL.* 2 ; • A / ( 3,, b¢Ok.HL !
190C l_J(/ :(I:LLePV*L)wHL*(I,*.oII3,*_*CHI)LIeV*CROL2*(oqII3_eCR()L2)e*?)*_.go332
200C 1(JIB :_.I)eA_'_(VH,,V_,JNI))e*2*I)v_HLI_3.2
2|0C I (,)( q = .')'_P._V * q _ 807 e I._wtIL / ,70l'_.
220C I_)(1(I) ="IV*_w0_,HL/ ( 2 ='ll'_eE))

;::_ 230C 10 ( | [ ) =T_; ( I )-Tr_ (2) �d�(3)-TgJ(_,)-TO { _) -lO (6)-TO (?)-TO (fi)-TO (9)
! 2,,0C _ITE(_'2, IUC)} (TO(I) , I:l ¢ I I )

Z50CI_O F-O_HAT,(LX_II(- l('l.g,)
2bOClOl (.Ot_TlV, O_

'._" 270 A: (b_ATb ( b ) _954(") * 3" (NT*NU/WE* (P_XE *PF I"A*'PDb-I.)ACC ( 1 ) ) *GR T* NT'4"T *

:-_ 280 b N_ / WMe(_r_*Pr_X_lePFMA_P[)S) - _*f,'lV* L_WIlL • _. 90".4-CROL *MV ¢ L)WHL•
i_) 290 6 (I._C_L, LI**qLI3_4*VH+C_OL2*l._II3_*VH)_*2)*_.qO)325

300 b -( O*AF* ( Vb.(,.Vw I tfl)) **2*DWHL/_3,2 ) / ( (_IV*DWHL**2/_..
310 (, �JE*GPI *CJ;tAT J [ 5 } *foT*r_" JM*bRH_GRAT5 ( 5 ) *NTI_TR*ND+ JWHL ) /J
)20 b ( I ,_()he_L) )

) 330 _F_TU._h

., 3_0 Lrff_

i



GENERAL0 ELECTRIC
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GENERALI_ ELECTHIC

_0(_ 21, ) LI-(ICVT,I'J®()',w_=W!

#,_0 r_( f._I =fiT
t,30 L,t_ T_I '_LZ

hh(_ _i)(} II" (_[,_TeWif'_X)W| =_,IPIX
h'lO | k ( W_leL_TolNr.'l_X) WM=_IMX
t_l.lll t)(_(I _,T:WE
(,BI IF (IE l_ ,t l._,_) WTcwM

t,90C _jt) i_lSb2,_h_,._ht,) .IF IF
7(H)C._b2 CALL I NC,(|)
7lOC Hi' TU_h
720C5b_ CALL [N(.,(|
73_C CALL MT,_(I
7_,0C _1- TU:_/_
750C56: CALL _tTq(;,'
760C CALL _,CC
770C t.'ACC ( I ) =PAL((4)
780 (ALL _.N_(II
79(I (ALL _'TR(I
BOO II"(lE |F .E[_,._I+_ACC(LI=PACC ('.*)
810 570 Rf. TUR_
B20 __NI)

F)

I
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!. Qi GENERAL ELECTRIC
! .
I '

LOC
20C _***_o_ MAXIMUM VELOCITY ROUTINE _meeeeeeee
30C
40 bUDROUTINL MAXVEL
50C INCLUD_ HYPHL
bOC INLLUDF HYPH2
LO0 15UB=22
LLO VO L37 INON#I,2
L20 UAR(L,|)u2*

_" |_0 UAR(2t|)m24.
140 IKNT.O
150 IFIIMON,EO, I)GO TO 106
lbO IKNTm3

": l?O UAH(I_I)uO*

1 180 OAR(2e|)sO*
' 190 106 VO 116 ILIF=L,3
il ZOO IFORM2(IKNT*IEIFI=IA3
_ 210 _O TO (136,146oI56)_iElV
! 220 136 PFEAul,

i" 230 PFNAIO,
!' 240 ¢=0,

250 IF(PEMX,LT**I)_O TO 2Z5
!:' 260 _o TO 166

. 270 146 PFMA=I,
280 V=O,

) 2qO IF((PFMX,LIo,L),ORo(PMMX*LT**I))GO TO 225

i bO TO 1663O0
i 310 156 PF_A=O,
1 320 V=O°
_ 330 IF(PMMX*LT**L)_O TO 225340 bO ro 166

1• 3_0 166 UO 116 IEON=I,2OO
3bO V=40,_FLOAI(IEON)

-;i 370 LALL PMAXA(V_3) ,1
! 380 wT=WF tl

390 _O TO (IRb,I_bt206I,IEIF ]

!_ i 400 186 IF(WE,_T,_E_X)GO TO 226 _

/ 410 CALL ENG(i) 1
;1 420 _(J TO 2|6

-1 430 196 IF((WEebTeWLMX)eORe(WMe_TeWMNX))GO TO 226
440 (ALL ENG(I) tq.o ALL t

l 4bO c,o TO 2lb
470 Z06 wTmwM i

=-ii I 480 IF(WM,_T,wMMX)_O T() 226 *-i
_:1 490 CALL MTR(|) i

500 LALL ACC

'I 510 PACCIlI:PA(C(_)
I 520 216 A=ND_(PMXFepFEA_NT*PMXM_PFMA_NTNT-PACC(I)_NT)

I 530 b'OAHlitl) _MV_V/_bTllR®'CI)_AFe(V*_AW12_|l)_2_V/77760°• 540 b'CROL*MV*(I**C ROLL**qII344*V*CR_LZ_(_II3_4_V)**2)*V/36?'Oq78
_r 550 [P(A®LE,O,)GO TO ?_5

i _ 560 1?6 CONTINUE
570 wRITE(b,I7/)A,WE*PMXE*WM_PMXM*HACC*ISUU*[EIF_IMON

_._! 5AO |77 PURMATI]H t_NAX Vf.L NOT ATTAINEDt/IX_EIO,4_3IS)b90 ?25 I_OHq2(IKNI*IEIF)=IA4

i1 600 226 UAR(IMON*2_IEIFI=Vi blO 116 CONTINUE620 |37 EONT|NUE

17
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! _,.,..Le ,L,c,,,c
i

J

b_O b { | F_JNI',t2( I ) , I = i *t_ )bS0 IOh('l I"(}N_IA] "(IPII),TR** (29,% 5LL_PI: , 24 KM/I'IH Ht-ADWIf"I))*4T41** (0% 5LOPF 4'
'1 6bO b ,*O H[AI)W|ND)'/IX**HAX V(.L',._FH.|*T_g,3FS,|/

! t=70 /., |X, *L IN[ T* *T lot 3AR*T4f_* 3A1111 l

I b80 NETUQr_

I 690 k f,tl)

L

C

o_

i •

l
I
\

. (

I-

1

= 3=49
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GENERAL ,_ ELECTRIC

10(
20_ e_ocQ RE|N|I|AL|ZATION ROUTINL _***_*t
_OC
40C COMMENTb: _v 15 NOT RE|NITIALIZkD- IF NEW MVTOT VIA WEIGHT
50C PRI)PAGATIUN |5 DEbIRED, INPUT MV=O. FOR NEW 5E1 OF RUNS
60C
70 5UISRUUTINE *_[INT
ROC |NCLUOE HYPKL
qOC INCLUDE HYPH2
tO0 UO I00 1=I,10_
110 DO 100 II=IOD
120 tO00ARIII*I|_Uo
130 ERGEN=(le
140 LHIN=O.
150 LHOUT=O.
IbO TMEFF=O.
170 TEFNG=O,
180 EVO=O.
LgO FUEL=O.
200 KM=0.
210 TAC=O,
220 i_ON=O
230 |MON=O
240 I_YC=I
250 IKNT=I
260 ITER=3
27(! IC=I
280 J HCF =O
290 T=O,
300 VN=O.
_10 VO:l,ElO
32OC MUST BE INPUT AT 5TART OF EACH RUN TO OPERATE
330 IESF=O
3_0 KI=O.

350 K2=O+3bO K3=Oe
370 K_=O®
380 PFEA=O_
390 PFMA=Oo
400 P/4=On
4_0 PE=Oo
420 WE=O® "';
430 wM=O.
_40 |]NIT=I
_50 NETURN
460 END

!

i
I

i+

FI
I

t

-!

3=50
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_ GEflERAL ELECTRIC

LOQC
_.: |0|C t_*o_* 5UBROUTIN_ DAT_8 ********e_**t

L03C THIS 5UOROUYXNe_ _T5 CURHENT TIMF AND DATE
104C AND PUT5 VALUL (ASCII !_TRING) INTO STRINGS

p. |05C JDATE AND JTIAE
lObC
107 5UfiROUT|N[ DATEO(JDATE_JTIME)
IOR CH_RACTEH_B JDATL,JT|NE
LOgC
|10 CALL DATIM(JOATE,T)
|I| ENCODE(JI|ME,|O) T
112 10 FORMAT(|XtFGoZt|X)
I13C
II_ RETURN
ll5 END

!

il.'

t'

).

=

o

o)

• i
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GENERALQ ELECTRIC

2OCQ_ FILE I)EF_NITION SET-UP FOR HYVEC
30C_Oe_= _UBROUIIN[ ASSIGN (A551GN LU FOR OUTPUT)
_OCOm_e_ ENTRY FILE5 (TO SET UP LOGICAL UNITSI
5OC_o_ ENTRY FILED (TO DETACH LOGICAL UNi[$|

80 SUBROUTIN_ A$$1GN|LU| ®
90 CHARACTER FTYPE_B,IFILE_R,FiI.E_;_D
95C
LOOC
I05 INTEGER ICBUFIS)/2,L,2000,O,0/
||OC OPEN OUTPUT FILE USER SUPPLIES AS LOGICAL tJNIT _LU°
12OC THESE ARE THE OUPUT FILES WHEN IFIL,IFIL2_IFIL3 ARE
|_OC NON-ZERO VALUkSo
I_OC
150 WRITE(6,b) LU
160 5 FORMAT (' GIVE FILENAM_ FOR LOGICAL LJNITS _ °tIZI
t?O READ(5,1b) IFILE
180 ENCODE(FILE,L6I |F_LE
190 CALL OPENF(LU,FILE*ISTAT,3.O,IC_UF)
200 IF (ISTAT.NE.0) _OTO 200
210 RETURN
22OC
2_OCel_l__lw_l__

_OC_¢_e__e_l_e_l_

250C
260 ENTRY FILES
270C
28OC FILLNAMES ARE EXPECTED TO BE UNDER THE MAIN ID
2_OC NO 5UBCATALOb STRUCTURE EXPECTED
_00C
_10 FTYPE=°INPUTI °
_20 NRITE(b,LO) FTYPE
330 10 FORMAl( ° _IVE FILENAME FOR °,A8,_? *)
3_0 READ(5_b} IFILE
350 I5 FORMAT(A_)
360C
3TOC CHEEK IF INPUT FILE GIVEN EXIST5
38OC
390 LU:I
_00 ENCODE(FILF_I6) IFILF
610 |_ FO_MAT(AH,IH;)
420 CALL C)PENF (LU_FIL.E_ISTAT,I,O_I}
_30 IF (ISTAI®NE,O) _O TO 300
_O CALL DETACH (LU,ISTAT_)
450 IF (|_.'_®NE®O) (,O TO 6OO
_60C
_?OC FOR ASC_CD FLJNCTI(_N, THE FILENAME MUbT HE FOLLOWED
_80C BY A SEMI=EOLiaN DFLIMFTER FOLLOWED BY DESTINATI(JN FILE
490C
500 ENCODt.(_ILE_L7) IFILE
510 17 FOqMAT(°_5(B °_AHt_;TE_PI\ °)
520 CALL CALL_ (FILE)
530C
b_OC OPEN LU_|5 Ab laEAD ONLY_ MOD! A5 _OUlH[I;, ANI_ Dr) NOT
550C CREATC FILE IF IT DOFbN°T EXIbT
560C
570 CALk OPLNF(IS*tTFMP|;°*I_TAT=|_D*I|
_BO IF (LSTAlet4E,O) (_OTO 200

"1

3_52
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:_ G£N_RAL ELECTRIC

!-

_. 590C

: !' . 600C INPUT FILE (LOO151 OPENED OK, _0 CONTINUE
_;" 610C
_i" 620C
_._" 630 FTYPE=°INPUT2 °

/' 640 HRITEIh_LO) FTYPE
i' 650 READIS_lb) IFILE
_ 660C

_ 670C CHECK IF INPUt FILE GIVEN EXl$T5
_. 680C

"'" 690 LU=|

_i 700 ENCODEIFILE_Ib) IFILE
_. 710 CALL OPENF ILU,FILEtlSTgT_IoO_I)
• 120 IF IISTAt.NEoO) bO TO 300

730 CALL DETACH ILU,ISTATt)
:_- 740 IF IISTAT.NEeO) _0 TO 600
i 75oc
.i_ 760C FOR A$CBCD FUNCTION, THE FILENAME MUST B[ FOLLOWED

770C BY A SEMi-COLON DELIMETER FOLLOWED BY DESTINATION FILE
i' 780C

T90 ENCODEIFILE_19) XFILE
_ ';' 800 19 FORMAT(°ASCB °,AB_°;TEMP2\ U)
: bi

810 CALL CALLS5 (FILE)
B20C

t 830C OPEN LULL7 AS READ ONLY, MODF AS REOU|REDq AND DO NOT
840C CREATE FILE IP IT DOESN'T EXIST

*'__ 850C
i ..t 860 CALL OPE_FIITo°TEMP2;n,ISTAT,ItOtl)

870 IF (ISTAleNE.O) GOTO 200

880C

i! 890C INPUT _ILE (:.U_17I UPENED OK, 50 CONTINUE
: 900C910C

!_:! 920C OPEN LU.V25 AS PEAD ONLY_ _TCe THIS FILE CONTAINS
930C THE EPA DATA VALUES

:) 9_OC

960 CALL OPEPIF I2_,°/SHYVEC/EPADATA;°,ISTAT,IoO,|)
970 IF IISTATeNEeO) GOTO 200
980 100 CONTIr_UE
990 RETURN

1060C NOW DETACH.ANY AND ALL LOGICAL UNITb WHICH _ERE
|070C ATTACHED TO hlL_NANFS
IO80C
1090 LU=Ib

'_ 1100 CALL DETACH (LU,ISTAT_I

. lllO IF (IST_TsNEeO| GOTO 600
_!:_ 1120 LU:251130 CALL DEIACH IL0,ISTAT,)

||_0 IF IISTAT®NE,O) GOTO 600

_/'i 1150 LU_2!

I 1160 CALL D[IACH ILU_iSTAT,}
,_ II?O IF IXbTaTeNE.O) GOTo 600

II_0 LU=22

l 3°°53
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(

GE E.L0 t.CTRIC
I

"!i
i llQO CALL. DglACI-I (LU,ISTAT_|
t, 1200 IF (ISTAT,NE,OI GOTD hOO
1 I2|0 Lti_,;_3
{ II_>0 CALL I.)EIACH (LLI,IhTAT,)

"i' i230 IF (15T/_T,NE_O) GDTO 000
.. 1240 LU= I8

I. 1250 CALL D[IACH (LU,ISTATi)

1260 IF (I,%TAToNEoO) GOTO hll(I1270 LUg.i 7

!i 1280 {,ALL DEI ACH (LUI ISTATe)
,_ 1290 If (15TAT,NE,O) GDTO 600k• 1300 LU=;)3
,," 1310 CALL D[IA_H (LUIIbTATI)

. t 1320 IF (ISTATeNEoO) GOTO 600
,1 1330 bOO NETUHN
! 1340C
_. 1350C * ii, m E _ _ 0 R H F S 3 A (, L S * i_ , ,
g.
_" 1360C
": 1370C

1380C ERHrJk IN OPEI_IING THF FILE "-PRINT MI'bSAGE AND GIVE
, .',,. I390C ISTAT VALUE I-OR F.NI_OH AND THE FILFNAME

" ( 14OOC DEbC_IPTION blVEN PG I41-12 IN USERS MANUAL FOR ISTAT

" _ 14tlOC
1_20 2OO C0NT 1NUt.

.">) 14_0 WRITE(b,201} I$TATIIFILE

...../ i_i40 201 FORMATIIOXit*i*FRRUR *** IN UPFNFt ISTAT,IFILE=iilS_IHt_AS)
" I 1450 STO_

)

_. 146oc
,:_ 1470C ERNOI_ IN ATTACHING TIlE FILl r TO CHFCK FOR FILE*$ EXISTENCE
,_ 1480C

_:<L"_ 1690 300 CONTINUL
'"'__ lbO0 WRITE(6,30I) ISTAT,IFILE

.;:, lblO 301 FORMAT(IOXiIe*°ERNOR _ IN ATTACHt ISTAT,FILE=iIISIIH_iA8;
...._o._ 1520 5TOP

: _o"_, 1530C
'0_,! 1540C ENNUR IN DrTACH PROCt.DURE-=PNINT MEbbAGE
_.,.,." 1550C
_! 1560 600 WRITE(6,601) 15TAT,LU

-;' " 1570 601 FOItMAT(IOXiltt_*ERH_R *it* IN DETACH, ISTATiLU=IilSilH,,Ib)
! _ 'i 1580 _tOi_

'.7 1590 END

{ _;<':I

' ilt , ....

1:1 [ii

°
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GENERALO ELECTRIC

_;:" J . 1,,_,wl _ t • II Q4 II tlll, i_'tl'fi,R, te,il.

: ()_L) t),Jl_l_rJU T 1 *.t I;AT ( I'W, AT)

O_,OC

i ()'_0(_ TI*|% %ul.l_f_bTlrq- l_ IL%Fb T(I (h_'PuT[ 1
I'l&(l(.. It) IHI. 14ATTIh_Y (LJI"qF',T * V(_LTA(,E FON A GIVEN HA'I'TFHY POWER 1

_i ¢)?UC (2 lilt PA,_A"ILTth5 ([O,|.IQL_) OF TttF 51MPLIFI[D BATIEHY I_;ODEL
t)l_(1C LJlVtN t',Y iHATT = EC_-)|eb_-[2ttIHATT
o90C

, 091C I NCLL)l)l" I4ylar_ l
_ _" ()92C lllCLJI)f t'YPP2

'. IOO(
- ( [IO t,_l'_rSIO _ [C{'LL('})
\ I_O UATA AI;I,Ala'_*Al_'J_'Akl_t'lv2/be_.6_Oel,-,T14te_._?te|27/

|_OC IL_,ATT -" Ir;TAL UATT[-k'Y (_jl, al_FhT
i. 14£)C ArJ,ATU -- {_r. lT t!ATTLRY Ct,I_FI'.T

I._OC I,I,_,ATT "- IOTAL t!PTTFI_Y P_I':I_
|6UC |ItATT = ll;'iAL hATTLRY VOLTAG(- ..... 1.1
[ 70C
IHOC If HF,,IL I-'{)I ), TI4L FIqST TImE IPITiALIZE
lgL) IrllTk._[.l) GC TO iOl
_nnc
_I()C COqVLHT _'ATT[t,_Y pAI_AIVFTFI_
220(.

; ._ 230 Rr}AbE=W'ASF / i v'ASE ,_

l 240 VNT=VCNZIVI_ASE

250 VP_F=VC t,,r / _,_A 5F
. ' 260 RNF'=RCNF IIH:ASE

270 laNZ=RChZ/I, bASE
2HO V;J_=o. 3*VbAbE/['I*REF

1 290 ALPHAT(I)=ALPHA().)/VI}A_[.
_(10 ALPHAT(Z)=ALPHA(_) /VHP_E

! /*' 3|O ALPHAT(.'I)=ALI')HA(3)

l "}_O ALl)HAT (_) =ALPHA ( 4 )
3_O ALPHA T (b) =ALPHA (5)/V_ASE

_' 340 t)FTAT ( | ) =bFTA ( I )/Pf!ASL

i-,l( 350 HI- TAT (2) =I_t.TA (_) /RI4A5[" 360 I_ETAT (3) =l_[" TA (3) * | _./_S_,
=_ _' _ 70 tie TAT ( _ ) =t4[ TA ( _ ) _ I _!A_F

l
3110 HETAT ( 5 ) =BETA (5)/Nr_ASE.
39',) I;.ltV E2 =f IWLH/VL_ASF
_OO EIT:_ I [/VI]ASE
_10C bl T INITIAL VALU[.._

_, _,20 bb = OoO

_O lr) El} = ALPHATI2)_NS
_50 FI = (ALPHAT(2)-FIT)¢.NS

..! _,_,O E2 = -Ht. TAT(2)_I_S/hP
--:'_ _70 (,O TO lOU
:- "! 4RO ?(} EO=VNF_I'riC I tiNS

!_:iI, 500 F 2 =RNF eN(.. 1_tNS/t_P

510 bO TO I00
$20 _O EO=V,%Z*nC I*N$

-'_. 530 EI=O,O

,i-_'I 5#0 E2 =Ht4Z ¢'hlC| _tN51 PIP
.I 550 IOO AI=ARI_t't3REF/IVI'IASFeALI)HAI2))

_I 5bO k2=AI_2eEbI_FF/(VHASE_'ALPI.tA(2) I

;-.:-I 570 A_':AR3eEL'RF FI (Vf_ASE_iALPHA (2) )

il
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GENERALQ ELECTRIC

}, |AO EI3mLCELL ( | I ltl%5_l_'lCI/Vt_P5 I_
L 190 EL=O.O

I_IO(- IF Nb KLGEtJ|HAT|{JN 5KlP Thl3 5tL11C'h "-
IZ?O IFilI-_AIT,_TeO.OIGI3 TO 9qq

l_O ACJ'" I°_Tlm IIIASE ILIAH(

i_t_O t_O_ ( AX-bL eA(U) *t'l',_lVl _')}
L_?o _.l=n.n iI
| 2110 FT=SL le |t A,iIEi_I_e_/ ( I_II:I_VI_p4IIAH[ ) ib

_.}OOC i|t|0C L3UP_T[ THL LtATTERY ST^T[ OI_ _PIAI¢GI(SS|,'_KW_ AND A_P-HUUf_

I_0 b(;_ l F (TI)CNb,I.L ,000) T[_( _C_o(,TP
1t40 IF (*',')l',e[(_e(_) PI_AT_'rte(I _,.
1350 IF (UC_NoLO,O) &tiAt2=()oO _
I t60 ArlJ_.cA't_2*AI4ATZODTi"I rip2 I
I} ?0 _L dc = "_'U21 TDOinG _..'
|_Rrl i_C,_AT[ =LrAH(_IACtJN
| 3gO a(L_,=it, LttNe ; UASE

1 _0o ACE v : ACEX*tJAH(_/UAHC2
I_I0 600 _ALL Lt_AT(AC(Ye_TYI)_A'4C_)
1 _,ZO A_I_.Z: ,__'C 2 .'UAHC 2 /LIAe4C
|_.30 TDCH(_= I ['CI_GeL)T_
[ c,,_O _b=$5" i !'A 5[: _A[_A TEMPT / ( "46PO, cA'4( _e:,ila2 )
1_50 3C"4(._= I ,{_-bb
[_,bO FhsAT=L hhATeAI_ATZ_I "_4;,T2epI_AbF_L'T/_6E6
I_?O IF (AI;AI,_oGToIIoO)[F*CtPT=I"t_,_LIT*I)hAT2eI.1T_PbASF/3obE6
l_,BO [ F (At_A I Z,LT oOan) El' _r_cf I';lK_I)EA17*E,T*PHASEI_,hE_
I_9(_ qgg :_FTURf,
1500 f._;D
IblOC

1520 5_)H_',Il ]',_ LH_T (ACCX _ IH, TYH ,Ah( Z )

1550 _.*lh(_.+lb'.e,l_Z•,13o_,l_h*,l _,!*h+IT4?*3'1_2oq'l l_oR,lO_*,gS**Sbe*76*/
lbbO "_A T t., _,L./5,(), 3H. ,_Co ,_4b, + I=,_. _zr, P. +_O(1. ,_Or). ,00 +50* * IUO* , 1 hO*
1570 b iTr)Oo _ _]"c * *_,O ( e *bOOo ,O * l S(_o , l O'.'o _ l bO * _?(l_* _Z_(l* ''_)O* _ _50* /
158f) J:l'stV _)
1590 IF(ACCXeL. E®DC,_(_J) ) C_( T(', }{

!_ IbOO

1620 111 cUW',_ATIbx_iAL(X LX(hF")b _.'_AX VALLI/ °,I,bX_IACCX:IiFIOo:'I°DC_'AX
I_30 t,:°*F l(j,_.)

i=-:_ lb_O :lC) ")? h ) l:l,_,_
i I._5C) IF (I_C_tIiJ)e'._T,A(L)) "'_ TO l()l _
!. [OOU 5(J CC_%T|%t {
i:'.- le,?O IUt) A_'_(Z= (_'_'( I ,J) -A'i( ] -I ,=.1) ) I (PCR ( I ,d) "_CP ( ] =1 'J) ) . (ACCX'I)CR ( ]-1 'J) ,_

lflHO t,) ,A,,! [=! ,J)
1690 (;99 :_FT_)Pr

' 170fl L=, ',)
!. I?},O SJ');::'UI It,i- 4CO '_p (;,,I,I,_/'YPt%_i(_UI_,tCFLki|TFR,,IIt,EI_)

R-_, I'TZO(
:- " l ftO PAPA"| TL I.' r,()_.T:e,
LI 17_0 _)|_LL%I{ r, IK. bS('_I)AT) ,AMP(N[)_I") ,! .S%FINr)ATtNI)AT) tL,%*4ZII'IUAT_*;I-'_AT)

1751) _,_[CFLL (._1
ITbOC (_')_"PiJtt (FLL (.I_:'.uACTF_'I_vlC3

-I I flu(

I OF..PO0_. _UALITy
-i

'{

'ii 3=57

'!:}

00000001-TSG13



GENERALO ELECIRIC

17BOC C.gt"PUTAIIOfl OF hATTFI_Y CHARACTIHISTIC.5 FOR
|791D£ NI-.I:E Al'iL t,l|-Zi'l
lflOOC INf_dTS: PI_ALT._ ,5, IltTYP
LaloC
LU213C 113TYPn! Pl; ACID
I, It30C II_TYP_;' hi-FIE
Lll60C IBTYP_?, N ! _ZI_,
|/I_,OC I{EII,',' .'_ ._ ('ILL R AMP
ill_OC llArll t_'l DATA
|tl?O [3A'I A t:!L('l[_lOelo?io_**ol_,oltliN/_AtdP/+iolT_|OO.i|_Oot_.(}fioi_bOol_rJ()ol

i.'. Lfl90 b l ,,0_ + I ,,13+00qTt;+O+,)6, P,,03_, 10006,Oo97t+,t3eq'+il'+,
+" |900 6 e+IPl1+O+Rq(+++,,,gllg+oclS¢+oq_qoqOR+og_+ogt+_e

I _) I0 6 .+}4/++Pq o+ _ + e141i4 +.l'lh + .14 ++t++ ol|Oll + oI|++_ + ell2 + .?q._ + • 77 i
lq+O b . /¢+,.771
I, 9+0 I)ATA t+SP+/llotl+,l++Gq,l,674,l.65+t+hq+l++?_,l,67,lot_+_,l,t+4,

- L960 bt .6+ 1.b65, I .t+llb+ 1,66 +I .6_, 1,6, l oh/_ 1,515 + I +46_ 1.6L , l .hA+
I q+f-l 61 m+;6+ I .')g'5 + I .¢/'5* L.6]+ l .565+ l .537+ L.51+ + I..475 q,L.4PS+

]":' 1960 bl,3g5, LoSPb, l,¶)+ 1.46b* ] ,4Pb._I*+4, I +3t

" IqTOC bEAI_CH PflI.; 14[bllffl IN WHILH DAIA 15 bTUI_ED
, _- 1980 IF ( 5b.toT.O+('I.Ol_ +SSoGT ,O.QP) C_OT()%b_

,-.._ 1.990 I r ( 55 +L T ,t+CG_ ((_)) (,0T(15+}
'_ 2000 [ I=NDAI-I. i;;_

i'_ _(,lO :+,OTO2OI,- 2020 5t_ 90 lrm I=I,?+DAT
'. 2030 II=l=l

2060 IF ( 55,1. T,I_CG5 (I ))GOT(_Pr)O

I 2050 10(I C(_ll_'T I P,UI `":. 2.060 2(3n lF (CUR ,L T, b,,O)O Jl_=5,_
+'\ 2070 IF (CUR,(.T, lO00, )C.OTl)b56
) 20BO IF (CUrs,LT, 300, )GOTO6(m

; .! 2090 JJ=%DAI-I
' 2100 CIOT,qr)n{_
,+ 2L10 ,_th_D3 (._bO J=I,NDAP

' ) 2LZU JJ=J-I

! 2130 IF {CL.IN,LT ol_P"P{j) I{,010%O0

: 7 2140 ,,bo C'jNtlt4ut/ 2150 _00 l r ( I E'TYP,LO® 3) (,0T055 tl
i ) 2160 t-.OSIII=_SNF(II_JJ)
' i 2170 EObl I 2=t-bNF ( l I ,JJ+l I

i,

..+ _IRO FOSI ? 1=1: 5NF I I I + 1 *J J)
" t 2190 EUSI22=E-SNFIII+I,JJ+_)

_200 _rlTO6NU:: 2PtO b'H, ILOSI 1 t =L. 5'4Z ( l I ,JJ)
2220 FObII2=ESt4Z(II,JJ+I)

.I 2230 E?}SI 21 =L bhZ ( I 1 *t ,J J}

i!i 2240 I:05122=I St+Z(I l+l,JJ+l)

22.50 uOt} Dt.LS: (bS-tiCGbl ! I ) ) I (L+((,S( 11 + i ) ) -I_(bS( I i }
2260 EObI=I-UbltI+(EOSIgI-FPSILI)*DLL.,
2270 rob2:lt,+bl12+(I O'5122=Lr_bIIP)++DELb

!--' 2/B0 bL:IF.ubT=I'O3L) /(APlP(JJ+I)-AI,'PIJJ))

L'I +2YO I"CLLL ( I I =FO'. l-'..,L*/t_'l_ (J,))
2300 LCELL (_') =(',0
2310 L.CELL (J) =_Si.
2320 C,OT,_q_4
_330(. [RR3;+ r,ttbSAqE
23(*0 h5_ dqlti+(t ,66611TI.I+,5...,+(I+I_I'+ i
2350 bh(_ FflM'.'IATI/,2. X,iI;,IPt'T DATA {;LIT Ot+ I',A_'(.,f+sIT_'+R,+.'55.CIJR+PI',= _,
Z360 b/,PX+ ] b,:++P IZ+5)

d370 5T{'II )

P380 9q9 ,'IF TOr,'h
239U t:NI)

.,_-58

,,'"+ "

+: ,+ ; ++:+ :+,,, : :: .... , . : +) : +- ;+

u ( : ++..a_ .......... + : , ' '' + "? '
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GENERALO ELECTRIC

t OC
?I)(. _*m*** ,)UTIJtITR()UTIIIE **_*****_*
30C
40 5_l|d_,gtJT Irll t)IJTPUT

_DC l ;+CL dl)t: I IYI_1._;
?o l.,l _E NSI _f, TF MPAX (b,+PfH))
]OFJ IF I IACCEL,FI_,2)b(, TO 4q4
IiO IF (l lNIT.t(j.n)C,O TO qD
12o I IN{ r=(_
I30- (-ALL I)ATF.'iIJI)AIL,JTIP_t }
•41 WRITE 16,5+_(I)JDAT[ +Jt l_'f-,PT,Dl'l_T +I,(,TYP+hCYC +DI ST+HCVAL _VM(JDE+

lk9 b VE Or_ +VI'.CMI,
11,0 _k ITl-16+5 I.(:)CTYP _[TYP_MTYP_ IBTYP+ItF(,F N 4IFCON_I)TTYP+ II')OWN_ACTYP *
170 b IFAN, II'_S+ IA( + _ACCEL, IPRTS
IEIO rap,ITE (O +5"0 )CI+OL +CROL I +("f-'FIL2,KP*PFE +pFf,I+PFFW+ TFWP *PEMX +PMHX qPRAT
190 _I_.l Tl"(b ,++,Jr))wEMX +WMmX ,,+vFi',MX +[=bP ++'_SP+CSP ,KOL _,JWHL +JENG +JMTR ,MFB
200 WR ITf_ 16 +540) IJ_E_l'ISfa+t.q<+LSH'IX _PSfS_ X +flCHN_HVCII_KIH(),MPL

210 W_ITr t_+bbO) MV ,,DHHL +_.FPt ,,t_C 1 ,+cMr,,Bcr:x + (GHATS ( I) • I=1,5)
220 WklTEl&+5rn) (NTMIII,I=I+4I,_D+GIilH+NTI'TR+(SHIFTII) +I=1+3) tCD+AF +
2 -30 wl_I TE ((}+SbO ) (5HI FTA (1) ,[= l, 3 ) +F It)LE{[TYP) ,W IDLF.(ETYP) TVW IND +5 +EPCP

2_,0 _, _PBC'4X _PHDC;.iX _i
25,+ WR lTE (6, II I)..3+NS2 ,_i'IP+",:P?+PICl +I'.i(_2, FI:IREF+EBVEH +UAHC ,UAHL2
260 lit FOR_IAT (/ +2X+ _NS NS2 NP NP2 hcf I';C2 EBI
270 b_Eb2 UAHC UA.H(2 _ +/ +0 (FS.0) _41F6.2 +4X)/)

280 WPlTFI&*5_5) (ITHIP(II_!=I',T)_(SSVLL(II,TSb(1)',,I,':I.t. 2) +BCEI'F,OibREF
2QO 90 IF(IPRTS.(-;T.O)GO TO I00
300 IF(IT+DTI_.)-PRT) 100,,
310 IFIIFIL2.t-O.O)GO TO H(J
320 WRIIF (22,bqO)T+V+KI,K2+K4,PWHL+BbFC_PDS_PACC(1) +PJE*PJM+PT,

3:1") 6 bRT ,PE ,WD_,PM*I_T
340 @0 PI<T:PR T+DI-'RT
350 OAH(I,IC)=T
360 OAR(2+IC)=V
370 OAR(3+IC)=A
3@0 OAR (4 + IC ) =PT
390 OAR (5+ IC) =FI.OAT (EON)
400 OAR (_+ IC) =¢;E
410 UAR (7+ IC) =P_"
420 OAR (B, IC) =EENG
_.30 (JAR (g,_ IC l=-FCONS/@ I ,044
440 OAR ( 10+ IC) =PM

450 OAR ( 11 _IC) =WM ]
460 OAR 11_, IC ) =I:M
4,70 OAR ( I 3,_ IC ) =FLOAT (IM6F) ....
_80 OAR ( i_,, IC) =FLOAT ( IBCF )
490 OAR ( l5 +IC ) =PI_S

500 OAR (16_ IC) =F.BAT .._j510 OAR( IY+ IC) =BCHG
520 It=lest -'+i
530 IF(IC,LT,IQI)GO TO I00
540 IC=I
5 _.) NR I TE 16 +6ZO) /

5_,fi _RITEI_,5_.O) IIOAI_II,II),I=I_!OD),iI=I,!90) ]
370 IFIIFIL.E(_.O)GO TtJ IO0 ]580 W_lTE121+_20)

590 WPlTF (21+btlO) ((OAR(I,II),I=i +lOl)) ,ll=I,lqO)

bOO 100 T=T+I_I" "

610 l TER= l TEl:is I t

I

"t
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GENERAL e ELECTRIC

620 IF ( XT X_E_* IL) T=T=Oeg*DT
630 IX:;( T �.()005)/ _,001
64(; T= I X*oO0!
650 IJTP:DT
660 IF ( ]TI =[O® ] )DTP=DT / ]Oo

680 IF ( ToLEoTI- IN)RETURN

690C INITIALIZE I:_MCO,FGMH(• ETC. AT Bt(_INNII'4G OF EACH CYCLE
7OOC AT THE FND ()F EACH CYCLF
710 DISCYC=(KN )/10b09
720 EGNCO=FmC.O/DI SCYC
730 FGqCS=ENLS/D I bCYC
740 EGMHC=[ mli( /O] bCYC

750 EG_NOX--LMNOXIt) ]5CYC
7bO 333 i)l 5AVE=KP4

77OC COMPUTE TOTAL [.MISSI(1N FOR C(W,PLI-TE RUN
7 RO EGMHC T : EL_MHCT _'EGMHC
790 E GMCST : I:.Cd_C$ T* F()I_C $
800 EGHCOT:EGHCOT O
RI0 222 EGMNOXT:L_G_'.q'IOXT*EGI_NOX -_:_

820 ACCX=ACUR* I HASF I
830 TEMPAX ( l, ICYC) :F.(_HCO
840 TEMPAX (_, ICYC) :LGI_:HC
850 TE.MPAX (3 • ICYC) =|:GMNOX
8b0 TFMPAX (_.• ]CYC) :F GMCS
870 TEM_AX (b • ICYC) =ACCX
880 TEmPAX ( _ • I CYC ) =AHC 2
890 444 FORMAT (/,2X, OEGHCO EGf.',HC EC,Mt_OX EGMC5 ,_VCUR

gO0 6°AHC/ o•I,4(FHo4•2X),?(F_o2•2X)/;910C

920 140 IF ([PRTSoI-.O.2ICALL CYCEND(ICYC)
930 MPG=KM*Z.4OR/OAR (5, ]CYC )
940 FE.HI_: TF t F.G/ ( Tt Fi',l(, ['_l}t;l )
950 FGS= l .-Z2 •/MPG
960 IriETfPol-(_.q) TI:G=36.h/*_p(,
gTO IF (LTYPoL(_. lO) TEG:_,202/'.IP(,

gRO T[:t.t=3,B_.hS_AHC2*NSZ*NP2_FIWEF{/ (O/I.504*KM)
990 TK t,,H: T[ r4",'T FG
I()O0 _.'_#]TI (h•777) ICY(.•ivP(-_,bS,FI_HE•IC,5•TI_wH
lOIO 777 FOIJP1AI (/,°ICYC '4PG Sb F[HF FGS TKkd.lO,/,_15,b(
1020 f, FOe4 )/) ,
10)0 IF(ITh_II.'II).LT.2)hO TO I4o
1040 II:II+l

1050 IF'((NCYCOLI,_o-I) .A;_D. (KIJ.(,E.DIbT))(,I_ TI'_ 200
10£,0 TF(IIoLI.ITRNUm(IKNT)IG_ It, 152
1r)70 IF(IPI_TS,F_o3)CALL CYCI_'I)(IKt|T)
1080 ]KqT: I Khl �l
lOgO ]FIIK?!TobT.ITI ')][)(l) )(,{I T('l 200
1100 ['CTYI )=]THI_( (II':NT)
1110 I_=O
1120 (,0 TO I_/

1130 I'.9 ]F(NCY(.hT.I_)b_) TO lbl)
ll_O IF(Km, oC,F.I'_ST)GO TO ZO("
1.150 1%0 IF(ICYCeII]o:';(Y(}(,() TO 2(;_
lib0 IF(CTYIJ.I;I o4) (,0 TL' l'_2
1170 IF(hCI'ho(JTo_(M'I) GO T(' 1%2
I lHO _'4(YC= t (, YC
l l?O (.,:) T(_ _t'
1200 Ibm. ]CYCc|(Y( )IZl{)( AT T,It _;l(.,l r If_h (}f I:/',Ct! (Y£LL

3=60
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GENERAL@ ELECTRIC

1220C
1230 T=O,
1240 PRT=O)
I_5(| VlJ=O.
1260 TO=I.£10
1270 ) |- TUR'j
1280 ?00 IF'(IPRT_,,LC, oOI(.d _. TO 4"_o
1290 IF (|PPTS-2)48044hOq470
I300 4_(_ Ill=ICY(
1310 ()() T;) _7:)
I_20 470 IlI=IKhT-I
I}30 675 ()O q7_ [l=l,lll
1340 '.,_RITf (b,)b_5) (OAk (] •] 1) ._|=1,15['.)
I3bO 4_h ','JRITF tt.,,4_4)(TEMPl, XII,.II),.I=i_O)
1360 GO TO 49(.)
1370C HE Al)El."
1380 45(, V.)RIT[-(b_t,?O)

Ic=Ic-i
1400 t_RlTL(b)b_'O) ((OAR(I,III,I=I,IOP},II=I,ICI
1410 480 IF(IFIL.I-O.O)60 TO _,(_0 [.".
14gO _.lRIXL(21,5_.01 ( (OAR ( l, 1 [ ) , ! = 1, lOr) ,,I ] =! ,1(1

1440 ,,91 ) DO 493 I=I,IOD
1450 493 C)AR(I,)).)=O,

1460 V2=O. _':
1470 V6=O,
1480 TMEFF=O.
1490 UAq (8. I ) =FUEL / (/)54.5*NIIOF )
15(]0 IF(OAI?(8,[I.GT.O.IOA_(q,L)=Ktl/(r)AR(8+l}*3.78541_)

151OC KM TO MILl5
1520 OAq (6) l ) =Kt4/1,60q34

1530 IF IOAR ( t't', 1 ) .bT .0. ) OAIK I 1O* 11 =OAR 16,, [ )/OAR I H,D1)
1540 ()A_ ( 7,1 ) =FUEL/B 1 • 944
1550 V 1 = ( t)'C I -r, CHG ) *BSE C (I;TYI.)) *"_t-
|560 |F (VI.,. .O. ) V2 =V 1 / (t'_SPC (FiTYP) *HB)
1570 Vl=Vl/( cd,'EF
1580 OAR (3. I ) =V I+OAR ( 7', l)

lhO0 V3=OAI._(7•I) /OAN(3_I }'100.

1810 V4=V]/OAI_(3)I)*)O0. i
1620 IF (VI .GT o0. )Vb=OAR 16+ I )/V 1
1030 |F (VI ,=(3T.(). )OAR ( ! ,_I ) =_cr/v 1
1640 r)A;_ (2,1) =OAH (6,1 }/OAP (3,1) i
1650 OA_ (4,1) =KN/OAR (3 _ 1 )
IbbO ()Aq ( b ) I ) =()AI;, I b ') I ) / ( t)AR ( "4') I } I 3') * I | 2 3 )
1670 IF(OAR(7*I}.OT.O.}OAP(12+II=TEENO/OAR(7,I)_[O0*
1680C /.;T '_ EFF
1690 IF (OAR ( 3'_ 193) .GT.O. ) TMLFF=OAH (1,1q3) *IO0./OAR ( 3,. lq3)
1700C bEN EFF
1710 IF (OAR (2) 193) .bT .0. )OAR 1_,. Iq3) =OAH ( _. i q3) *IO0®/OAR 1,7.) 193)
17ZOC LNG AVE PV
1730 IF(iLON.t_T.O)OAR(b')Ig3)=OAR(b,L_3)*IOO.tFLOAT(IEON)
1740C FPIG AVE" bPO FRAC WF
1750 IF ( II:OI'_.L,T,O)OAR (6, i_3) =OAR (6, lq3) * tOO./FLOAT (lEON)
1760 i F ( I _ON. bT. (]) OAR ( 11 , 1 ) = ['')OUT / ( -EI_, l N I ) * 1O0.
1770 l F,r)I_M: l AI
1780 IFIIPRTSe()T.O) IFOR_=IA2
1790 ()A_(13,l)=(FUEL_370.5412/2795_33) IK _,,
1800 WRI TF (6 ,bOO) ] FORM .TAC ) l CYC ._OAP 16,1 ) _KN ,f3AR (7, I ) ,V 1 ,OAR ( 3 ,_1.) ._t'-VD
1810 v,'RIIEib,b30)VS,V3_V_,,f)ARIIO.II,()ARIr-a,I),I)ARII3.I)*V6iOA_(I l)

': u tl '
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6EHERAL@ ELECTRIC

IB_O VIk|TLIL,,t'hI_)PF_'A,11 =|'r (3,f'(.ltC_l_CI •V?.OAb'II2•L} •TMEFF•OAR(II,l) •

IR40 I.. _)A;_ (=. • 193) ,0/_=_ (2, |g2)
1 flbO _H l T_ ( t, •44_, ) I (,t, IC()T • [(P'ItCT .I (,_r'.l)X lr .A( CX •AIJC 2
l_oO !E_F=iF IA ((+AI,' I 1 .tq2) )
lfiTO ;'d_[ T_ (b•C,/(I) (UAI._ ( ! • lqI I , [ :1 • | | ) • It 5f
L_liO t:R|Tfi(_,(_l'tl) (OA_'(I •lql) •[-'I?•i_),[TfN•IHf)N•IE_N,(OAf)(I,|q3|,I=5,6!
LR_O IF([,_CCLL.LO.O)(_(_ TO _,qr,
LgO0 4q_, LALL ACCL.L
|910 CALL :.tAXVF L

1940 6o5 FU,_AT(AL)
1950 IR,Jtl2=_
1960 I F ( 1F[)R_;=' ( I ) .El). ' Y ' ) bJ T() _.q7
1910 I 5T()I_= |
I9BO PE TURF;
1990 497 IRUN2=I
2000 CALL R[ l;'T

20LOC****FUR USF uPt THE (HD 605 CqHPUTFR• FOkMAT STATEMENT _500

2o2oc****11A5 HEEt| (FtAhb_D FROM
2030C***_, o., A6. A I ,,,,
2040C****TU ,,,,A_AI,2A4,,_,
2050C****FOR PRIr.!IOUT OF DATE fin FILE _6
2060 500 FORHAT(I_'0,TI],'VFHICLE A_I_ RUN II'IFORMATION HYVEC°t
2070 _, IHO•' ['}ATE TXQT l)T {_I_RT DCTYP rICYCS Ol$T°_
2080 b o [_CVAL V:_ODE VE.U_| VIdCMN'IIX•_5,AB,F6.L,F8.1•I4,[6,
2090 b F B. I .FS._ ,,2F6. L _F7. I )
2100 510 FOR_'AT(IHO.'CIYP ETYP t_TYP F1TYP RGI_h IECON DTTYP IDwN A_.TYP'*
2110 b ' IFAr: IP5 AC ]ACEL ]PRTS'/IX•I3,bIS._I6,1X•213•]5•I6)
2120 520 FOR"IAT(IHO,T3,'CNOL CkOt, l CROL2'.T27,°KP PFE PFM PFFW',
2L_O h ' TF_I: PEMX PMb'X PRATOlIX,F6.4•?ER®2•F6._,2F6.3_FS,; ,',
2L_O b Fb.I•/.F7.1 •F7.3}
_50 53U FO_+'IAT([t¢O• e _wEMX YM'XO,TTH•o'XFW_X'•TZR•_ESP MSP CSP KOL _,.

2160 b o JW_;L JENC, Jr.ITRO•Thh,",IFbOlLX,Fb.OtFT.O,EIO.3•IX•3F5.3•
2170 t, F_.I • LX,3Fb,,2•Fg.4)
21RO 540 FORHATIII_0,Tb.'HSE'•TI4,'I_SP',TP_..'hI_'.T30_'ESHMX PSHMX '_.
Z|90 _ 'HCHN MCHA KPP _PL °/ IX,2FQ. 3,FR, I.FS.2,FT. I _
2200 b ?Ffi. I,F4.2,Fg.I;
2210 55U FOR_=AT(LHO..IX,°_'WTOT I)WHL MFPT I*CI HCMN I_CMX TRAN5 ',
2220 b 'bRATb( I •2,3•_,) ' •167,'1)1FF' / iX•f 7.1 .F7.3 •FS®2.3FB.Z,_X•
2230 6 4Fb.3•F8.3)
22_0 560 FOqMAT{;HO• ° SHIFT POI_,TS(ACLFL) If" [F ID 5PD VWIND GRA.')[°•
2250 b ' EI-)CP PHCr_X Pl'_DCMX 'I [X.3F6. I,FH.2,FB.O,F6. I,F 7.2,Fb.2,F6. leF8.1 )

2260 57U FOR_;AT(IMO•' TRAN5 EFF(I-4)'•T25,'DIFF GRM MTEFF SHIFT '•
2270 6 'POI_TSO..T64, 'C0 AF° I IXt_F 5,2._Fb.2,FTo 3•F6.2, IX, 3F 6. l •
2280 b FT.3•Fb.L)
2290 575 FO_MAT(LI_O•t_ 5FTS DRIVING CYCLES (#DC._TYPE)'..T'8,t55VI TSSI'•
2300 b TSO•'bSV2 TbS2 i_CEFF CH(_HFFO/IX•I3•IB,SIS•T37,2(FB.I•F6.O),
2'10 t, F b.2,F6,2)
2320 5Rf) FORMAT(IX,FB.2,2FT.I_Ei.I._.,F3.O•FS.I,EII.4,FT.3•2EII_4•
2330 b F_.L•FT.3,2F3.0,2EIOo_.,Fb.3I

2340 585 FO_f".AT(Itq)•T2•'CYC'tTT,'I)C_•TIL•_NO'•TLS,'OST:KM',T22,
2350 t, tFUEL :LT ',T 3L •'HC(_' •;'36._'UATENtKtl' ,T48• OT IRE' •
2360 b T56, 'A_R()' •T64, 'VLHIr_ ' ,I iX •;:_*.O•_3.O •F4.0,FT.2..FR. 3,F6.2 •

2370 b 3FIO,B,Fg.blIIX•'f3,'RE OUT',TI2,'RE IN °,
2380 b T2 l , ' / _-ENGIK-H' . T33, 'EEFF _' .T42. ell IOOKM° iTS3.
2390 b 'KHIL'•T63,ouEOUTOlLX,3FLO,6,FT®2,FIO®3•Fg.Z_FI2.7/I
2400 590 FOqHAT(lX,2Fb. I.3F'B.6•FH._.•FR.4•SFR._,.F6,,2•FB.4.FT.I_FB._,_FT.I}
2(.10 600 FORMAT(AL.'SUMMAR'_ RUN gESULTS:'/,
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t 6ENERALe ELECTRIC

2620 b [fl eI_eeTIM[*,T[Ie*P:LYC**T20**DISTANCEe*T35**TCHEM E**
2430 b T6_*eELEC Le*TS_eeTCCONSeiT65*eTEDELIV*
2660 _ /IH *T3.O(SEC)OoTIB.OIMI)OoT?7.OIKM)O,T35.oIKW-HR)**
2690 6 T65*o(KWoHR)O*¥Sb*O(KW'HHIO*TbS*°(KW-HR)°/[14 *FSo|*I4*
2660 _ Fq.2*FR.2,4F[O.S)
2470 630 FORMAT(IH0,TZ**SYSTE_**Tt0**TCHL_ E**T|R**ELEC E**T26**TC CFF**
2680 b T36,*IC EFF**T65*eTC FFF**TSb,ZELC EFF**Tb_**ELC EFF*/IH *T2*
2490 6 WEFF (%)t*TI2*P(_I**T20**(%)**T27*I(MPG)°*T36,I(KMILJ**T451

r 2500 b *L/|OUKH**T55**MIKW-_H**Tb6,eKM/KW-HR*/|H *2FS.3,FT.2*2FR.2,
2510 b 3F10,6)
2520 660 FO_MAT(I_0**SYS FFF 5Y5 FFF SY_ LFF°,T31*IEBOUTS*T61**EHIN**
2530 b T69**TIRE RR AE_O I)G**TbT_°ERGENQ/IH **M/KW-HRI,
2560 6 TtI**KM/KW-)I_ M/EQGAL (KW-tI_) (KW-HR) (KW-HR)*_
2550 _ T57t' (KW-HR) (KW-Hk)**/IX.FH.3,Fq.6.FR,3,F|O.5,|X
2560 6 *3FQ-4,F9.3)
2570 650 FOqMAT(IHO** REIh**TIZ*'TEtNG',TZI**FINAL INITL CH TIMF EEFF**
2580 b T_B,'MEFF**TbS_eUEFF*_T61,1bLFF**T67_URAKE*I[H ,J(KW-HR)**
2590 b T|2**(KW-HR) HCHG HCHG**T3_ee(HR_| (_)*,T48,i(_)=t
2600 & T55_Ii_}t*T62_tt_)**T_**fKH)*/IX_FQ.5*2Fb.3,FTe3,3F7.2.
2610 b Fb,2*F_',3)
2620 620 FORqAT(}H[,4X**TIME**TI3**VEL**TZO**ACCEL**T27_*PTRAN**
2630 b T36t'FOe_T_0,tWENG*_T69**PENG*tTS_,IEENG**T67**TC EN*_
2660 6 TTR*tPMTR_*TSq**WMTH*,TqTt*FMTR**T102**HG**T_O5**B_**T|OR,

_i I 2650 b *Pt)S**TIIq**Ef_AT**TI2_**_CHG*/)

2660 660 FORMAT(IH **ANOTHER RUN [_PUT Y OR h:*)
2670 670 FORHAT(IHO,IX**FPWR ESPD MPWR GPwR MSPD PBOUT PBIN **
2_80 b *RD5 -PD5 VMAX AHAX UPS*/1X,F6.I*F6.0,2F6.I,F6.O,3F6.1,
2690 6 FToI*F6.I,F602,13)

,, 2700 680 FORqAT(2X**EPF ESF HI)_ GPF _SFO.T37,OITER MON**
2710 b T52*'EO_ AVLPF _V_SFo/IX*SFt,.2*318,2F6. I)o
2720 RETLIRN

' 2730 FND

\
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GENERAL(_ ELECTRIC

20C
?JOE TflIS t_tJl'+Vq+llTlf,IE (,r,'IPUTE_ THi A( (f '+,SOI Y PhWFR RE_LJINPMI+NTb
+fie I flCLuI.)L HYH.,_ |
b(I( | |NCLLJI)F t+Yl.'l,_2
_nC
70(. A(_TYI_I i bTAI'II,iAI'iI'I Mt3[)l L
ltOC Ai'TYP=Z+ V#'I_IAoLF SPftl)
q0(;
lllOC ALL i_r}l,_Fhf I.'i IK|LiiWATTh
|io bO ,'iF A =',';f / I ,'IO o
12 i"l PAL l--(Io(,

I_(1 PFa'_=(_,i+
l_() PP'.'_=O ,,0
150 P_r'=o,_;
l#_o PAC=(),(_
I PO P'IL()SS--II.O
[RO PVL.")S.S= IJ o0
litO PhTA_T=o.O
200 P TL L).SS=(',i'i

7lO JaC= IA(
2.2'0 PL'_T=o, _;
2 ;:iOC
24,0C (.HIf.K Alt_ COhI,ITINIP c_t /OFf.-" STATUS
2.r'iO(.
Z80 8Ci |FIJAC,I't_,O) t,C.)TC 70
270 IF'llTti-'ot_lolT(.L_)C,C' Tll ('15
280 JAC= IA(-
290 G') TO ?t,
3110 _,5 ITLL=( i II+R-IT(I,_)/ (IAi)I-*IAIi:ll
310 l"if̂ = (I If.R-Il(.l))-I IT:L* (lA(iri+IAtlk)

'... 320 IF (LNE_IoLL,, IAOF ) JA( =i'_
330 lF (|flL'^,(,T,,IAt)F) JA(=IA(
391CI
4fiOC (_")tlI-',JTI.CLLiTCH LOS5 Frii..,FOUR Si'I.LI_TRANSI.IIS'JON

;: _OlC
!"I'- 4lO 70 lP(JI'.LL_ ,bl.t,)+/.AtlDit-Orl.t- l.ti) (,,El TO #R

ll].i |F ((I'+('IPieI-!(IrI),jEU+O) ('_O T r) 1H
4.12 RCr"ttl =. Id',h_b
,_20 _',).')2 =V"t(,_ AT 5 ( b ) *GRT*5,3(151 b/I)I',ttL
_0 IF (Mtlt'i,t(.',O) (.IC)TC)7_

450 IFIWU52,(,I ,wIL)LI"I) C,_ Til ?B
_bO W','() T=k,'f,'
_70 GL) TO 7_*
_.BO 73 |Fi^'D52,(,F,WIL)LEIETYP)) GO TO 7_
_igO W','UT =i,;["}
_9L 74 LF(_D.%P,EID,(),O) G{.I Ill 7B
51")0 PL _'IT:Pt)b* ( tqMOT / _,1)52- l III
530(
540C HFAT t rtt_lfwf 9T_teTl"I(, l'nWEr,' I+F(ltllf:ll"El_iS

'_ 550(.
560 7tt t _MEr, E: (I.U
561 Ii"(IVAC,LOII) F'IME'i'I(.=,IH6

562 IF (IVA(,I I),2) L_iMEI'IC,:•5_
_70 C'i(l=qt 8
_RO KE =9 i li_,*FMf'lLN(llIPLe"X/((WE.'vX)*li_® )
590 EXPb:K[ "(,bIITSt I,I(.,/Jt NO
600 P.STAHT =v{MX*{I_'I.;LNGeIW_..FIV, TI.!X)_*_.®/IL.®EXPI=EXP5))

_i blOC
:i

1
1

,i! 1
:_ OF PoOl# QUALrI--y
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(;EHEflAL _. ELECTRIC

72OC
730C Tr_ANSM i bF, lOi'_l PUMP |I4G LAbSES
74OC
75OC IF IEAT=I LOSS[S AHE TEl BI_ ]I'ICLtlI)ED
760 gO I_'(IEAT,FO,O) GO TO 05
770 PTLOSS_ L ..62_Wf +h �d�eG_WFA_'_,3.0-_.,7_WFA*_2
7flOE
790C MOTOI_ F_IETIONAL AND RATATIONAL LO_,bf5
800C
810 95 IFClEMotU.O) GO TO I00
820 PFL=CFF*(WM/WBAS( +)*_NF+CwW_(wt'I/wltAb| )_NW
(.130 PFLOSS=t'FL /1000.
R40 IF(IEM,FtL, I) GO TO 100
H50 HFLOS$=L(Ce(,IM/WttASEI_tlC /[000,
860C
870C ALTFRNATUP
RROC
890 lot} PALT=O.4_ (I-IALT) + 1,2_ IALT
q00 IF(ACTYP,EQ,2)GO TO _OO
9 IOC
920C RADIATOR FAl_t
930 200 I_(IFAN¢[(;oOiGC) TO 3n()
940 IF(WFA.bT.O.22)bO TO 250
950 PFAN=u. UOS'PEMX
960 GO TO 3uC)
970 2bO IF(WFAe_T.OeP?)(,O TO 260
980 HFAN=(O.OO5+O.Og23*(WFA-O.22))*PFhX
990 GO T() 3()0
|000 Z60 PFAII=O.(I_5*PLMX

1()20C WATE_ p I.jl':p
I030 300 IF(IWPoEU.OIbn TC 40o
1040 IF(wFA.(JT.O.326)GO TO 3bO
LqSO PWP=OeUI)Iq_PE,_X
1060 (_()TO _(_0
It}70 _5() P.VP: (O.t_O 19 m(WF A-O. 326) +0.018, _WFA-O. _2_) _2) _PEHX

.,' OC P")_E_ SlltlRll,Ib

lLlO PPb:O. /4_*WFA
1120(
ll30C AIR COPIL;IT lONER
II_O bOO IF(JA(.L(.+O)(_O TO qg_

1150 PA(=2oZb+4.O_(wFA-O.2)-I•I I3*(WFA-O.2)**2
],],60 C+O TO qq9
I170C
liB(ft. VA_IARLI. bt'FI_)
1190(
I200C RAt)lATC_ FAN
lZlO _.()(. IF (IFA=_.LO.O)GO TO P<)O
1220 IF(_FA.(,T.OoTIIIGO +tO hSO
I230 PF A.%:(),{_O 76*P_'4X
1240 (,,'ITO In()
1250 6',t_ |'f AN=(_'.O,+)76*Coo4r_*(_F-A-O. tl_) )*t+'t+';X
1260(
1270C wATt_ Pt +',':I:'
L280 r_)o IF (I_P.I.(:.oIC_O TG .t)()
1290 IF(_FA.hleOoZH){,O TO 7bq
1300 lh_P=Oe_)P3H*PEMX
13LO (,f) T{) x(ll_

3=65

00000002-TSA08



" CI t

00000002-TSA09



GENERALO ELECTRIC

20_ EPA CYCL_ SUBROUTINE

:_ 50 5UBROUTINZ EPACYC (T,V,AtTFINtD(TYP)
60 PA_AMETL_ NPTS_2L37

;v 70 DIM[NSIOI2 VELINPTS),ACCEL(NPT$),TLIPIT(4),TZERO(_)
75 ItITE_FR DCTYP

;_ BO DATA N/O/
; 90 DATA TLIMIT 1505._|_72o,2L37o_|_72_1

|00 DATA TZEHO IOe_535e,1372._Oel
ilOC

:\ 12OC TZERU START O, *V _ DAIA FOR PARTICULAR CYCLE
13OC TLIMIT END OF _V _ DATA FOR PARTICULAR CYCLE
_OC --,

" ' 15OC DCTYP=5 TPANSILNT (0-505)
'"' 16OC DCTVP=6 STABILIZED (506-1372)

17OC DCTVP=? HIbHWAY (1373-2137)
ISOC DCTYP=R URBAN (TRANblENT * STABILIZED) (O-1_72)

=_,, 190C
200 50 IF (N,EOeO) READ (2b,lO) (VEL(I),ACCEL(I),I=L,NPT5)

!' 210 IO FORMAT(V)
i 220 N=L

: _ 23nC
Z_OC NOW COMPUTE v & A PROM T PARAMETER

_t 250C
260 60 TFIN=TLI_IT(DCTYP-4)-TZFRO(DCTYP-_)
270 IF (ToGI,TFIN) T=TFIN

_I 280 I:)FIX (T*TZERO(DCTYP-_) * _4q)
290 V=VEL(1)

.... 300 A=ACCEL(I)
310 lO0 RETURN
320 EN[)

!I'

3=67
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GENERAL @ ELECTRIC
_nP

_0 E I T_._ I !/VhASL
t_50_ hiT INITIAL VAL{Ii'_

670 i 51:Y,':o
h_('_ JF LI, J g ,'z(J

t_90 hO TD (IOe20,_OI,IPTYI)
lO0 lO Fo ,; AL_+HATi?I++N:_

tl(, El _ (ALbqtAI(/I-,EIT)_h'j
720 f_ : -LrTATI?)_h_
T_O _,(| T:) ,,0
74,0 / _ I-O:VNF_P.!( l_,)15
7_(.1 I+ I mileal

7 IOC
7BU (jU T:) 6(_
7VO 3_' EO=v,gZ'_,( I*PIb
800 t lmO,O
8 tO L+7 -NNZeP,( I "P+b/t',+'

A?O +(, IL.Ob5 = (+,,LUbIC)/LO ....
B_,O Et_r_EF= f _eVF_AbE / fib
840 J,JmP= t
850 VCHOP=['+_
860 RDSAVL = C,,O
BTO AL I'+ll T= 1 ALL;/1HA,SC I
880 A'41NI = ACr4AX/2,
890 A'gIN2 = ACNAX/2,
qOO 50 IF(18S.L.U,O_' GO TO O("
9 lO ANTOT L=k_'l'f':b
920 ANTOT2=NI'2eNS2

9 "40 ANPC)L D| =h_ :i :i:
+' 9_*0 ANPOLDZ=NP2

950 ANSOLD! =h5
+ 9#_0 ANSOLC)2 =,_;52

:" 970C IbI,,IP = 0 IF I|O 5TARTINO RE.SISTOR 13 REQUIRFL}.
980( lbKIP PJOT FUIIAL 0 IF JFLE( = 2+ ToE, STAPTING RESISTOR 15 NLOUIRED
990 60 ISKIP = {)

, 1000 IF(JLLf-C+E{}e2;|SK|f-" = t

::, 10' 0 V0DL = I
Lf)L.U IF (JfLt(.eEOo2) )'40DE = 2

:; tO30 MOVER= l
lO_*OC
lO50C UE()IN )IACH ITRATION HFII_[_.
1060C CUNVER_ IPIPUT FOR THI5 ITRATION TO PL(W UNIT BASE

I070 lO0 RPml = wI4/wu, ASL
I080 PM_-CH = P"'._|O_3.,/PL_AbL

:) 1(]90 _F'(FLUXoFOet).O) FLUX=FLUXI/FBAb{ 1

i |00 JFLUX=t)
1

L I0 JJMI; =0
llZO IF(IMGF,EG, ll PMECH= -P_IF'CH.

II30 IF(wM,LT,_WIt)LEt4)WM=WIbLI-Mll_*O IFllfJ.5.1".(;.O) bO TO flu

y{ 1150 IF(b5,Gl,o,7| biJ TO L05
llbO IF (WN®uL ,WBAbl ) _O rt) LOb

__ I lTO NP=2®*ANPOLDI
] I IBO N_=ANSOLDl 12,

1200 NSZ=ANbOLDZ/Z,
IZ lO I SET= I hi:T+ l

• 1220 JbET=O
1230 IF(lSL+lehl_el) qO TO IlO

-i1
-it

/:i
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GENERAL @ ELECTRIC

l?b() E I :L I//.
I/hO f?=l 21 _,.
1210 _t) T_) l lO

1t_)() If(J_| I.l-(J.L) I lr_f L_?.
1310 If (J_f!.l_.l) I /r._.,q
132(1 NP_ArlPf,'L{_|

I _ 3(J N%c AN_I,LD 1
1 _ll,O _lP_ c ANF'C'LD_
I_50 qh?cAh,_(JLO?
I_60 IbL.T=O
1370 LIO C3NT INUI
L._BO WPM ._ hPl.1l
1390( 1U hRI..V[KT 'II,MFRI(AL PRO_LI i'_b NtJi_ h_)T IOUAL 0
1400 IFIRI_.IL,_LT.I,_OE-_IF.Rm = IoOIL-_
1_,10 R_U = I_A �¼�1420( TEST TO SEE IF IT 1.5 TIME TO 5WlTCH II|515TONS :.:

!430 RST=O.'.' i
l_OC IF ( I$K lP.EQ, 1.)I_.ST=I_HL
L450C IF" (ISK IP.EQ,,LIRST=RHZ

L4UOC .i
L_90C MOt)[ = I A.qlVATURL VULTAGE ((}NTR(JL i

15 LOC
1520C CIJHRUTI" MOT(JR TOR(_UL5 ANU L()SbLb
1530 150 _FL = LF*RPM**NF
1540 _'Db=C_, *_ PM**Nw
1550 WSL=O.O I*AH5 ( P_'IECHI
1560 FLUX=FLUX I/F'I)ASE

1680 WCL=_CLL* (WBASE*RPN/WDAT) _*NC
1590 WEL = WCL WFL_-WSL
1600 T[ = (ldEL +Pf.IECH) IRPM
161OC
1620C CUMPUTI- ARMATURI_ CURR|.NT
1630 IbU IARM = TE/(KT_'FLUX)
1640C PRESEt|! PRObRAq SET5 LINIT ON MAGNITUDE OF ARMATURE CURRENT
I_50 JTORQ= l

1660 IF(IAI)M,,LT,,ACMAX.AND,_|AI_M,_bT,DARMLOW) GO TO 168

L670 IF(IAI_,LT,AiMAXI GO TO 265 i

1680 TTK=O=,U ]. !
1690 I ARM=A(.-PAX
1700 210 TE=KT*PLUX*I APM
17L0 WELT=WFL-V, bL

1730 WEL=WELT*TTK*PMECH
17_0 PM=PMELH*PBASE/lO00.

1750 JTORO=O

1760 GO TO L68
IT70 265 IARM=AF(MLOW
lTFlO TTK=-O,OI
1790 GO TO /LO
1800 lbB V|)=BD3 _'|ARM

18L0 !F (lARH,GT,AL 1?'11T) VH=RI)Z_'BI)I*IAR_t
I_?O CEMF _K L_FLUX_RPl4
I_1_0 VCHOP=EI_ MF+VU+ 1AI_MeRAA
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GENERAL_ ELECTRIC

2440 (,0 TO 450
2450 4_ 6[) TO (411,412),JELEC
2460 ,,II IFIFLUX,I.T,FMAX, GO TO 445
_470 MODt: I

2480 FLUK:F_AX
2490 GO TO 150
2500 (>12 IF(FLUX.LT. FMAX) (-111TO 445

2510 JFLUX=I
2520 FI UX: F'IAX

2530 CE_._F:KF*PPM*I'LUX
2540 IF(_EMF,GT,(EO+V8)) GO TO z,47
2550 JUMP: I
2560 IARM:n,_I
2570 (,O TO 445
2580 447 IAR_:- (CE_;F-E O-Vb )/ (12 d���2590C C(]HPdTE tl[_,CORE LO_S COLFFICIENT

2600 445 CALL C(.;RL05 (wCLL,FLUX,FtIAbE|,VPHI,VWCL,PBASE|)
2610 v:CL:WCLL* (WBASF*RPM/WDAT) **NC
2620 CCOEF:W(LL* ((WBAbEIWDAT) _*14( }/FLUX
2630C LL)hPdTE ARr'ATURE AND BATTTRY CURF:ENT5 ....
2640 IF(JFLUX,EQ,O) GO TO 450 .
2650 WELT=Wt)G_'WFL+_CL "wSL

2660 TE-:KT*F LUX_ I ARM
2670 TS:TF+WELT/RP_,_
2680 P_*: ( T5"t,' Pt,.1) *PHASE / 1000 ,,
2690 45P IF(JFLUXoNE.I)IARM :(V,D(,+WFL+WbL+V,'CL<.TS_RPM)/(RPM_KT_FLUX)
2700C LONPUTI APPROXIMATE BATTERY CURRENT
2710 45! AHAPR: IAR_+ ILOS_

2720C (.O_,_PUTE TOIAL ELECTRICAL LOSSES
2730 A1 ARM:ARTURN* IARM

2740 CALL FIILD (FLUX,ATAR_,_FTURrG,,IFLD,FCMAX,_VPHI,_VAT4iBASEI,bFIXAbEI)
2750 IdCH[)P:._,CP
2751 _FLD=RI-* I FLD* [ FLD/FEFF
2760 _LDSS=IRF*|FLD*IFLDIFEFF) +WCHOP+WL[)GIC
2770 JND=2
2780 PF_AT2:_LOSb_ IARM*VCH()P "'_- -
27g0 CALL 8AT( I )
2800 255 I LOSb=At_AT2- I ARt1 ......
2IIl0 VCHL)P= (EO-5$*L I- IRATT _,F2 )*_ t!VEII*FJ.52/ {DI541EBR_ )
2820 475 IF (MODL.F(_. 3) GOT05 I0
2_30C CHFCK TO bEE IF tlRuSH MODEL 15 VALID
2840 T_4P: (I•0- IARM/AL IMIT )

2850 IF (AGSITMP) ,LT.TOLR)(,[)TO500 --
21160 IF ( IDO. E(_,I.AND. IARN_.GT .AL l_'IT )G010425
2E70 IF (IDO,,FG.2,ANI). IARM.LT,AL IMI T)G070420

• 21.flOC (.H[C< TO 5LF IF _RPOR IN CO,.;PUTATIONAL 15 WITHIN LIMITS

'i 2Rc,O 5C)0 T"P : AE:b ( 1 ,,o-A_APR / AI_AT 2 )
, 2900 T_,'X:Ahb (AP.A T2

2910 ThZ:AE.b(IARM)

2920 IF (TMZ.LT.O.02) GO TO 222
29_0 IF(T_X.LT,O.02) (,0 TO 222

! 2q40 520 (ONT INUf
3 2950 IF (TMP ,,(,T•TOLR ) [JOT0440

-i 2960 222 CALL P_.T(O)

1 2q70 VCHOP:EI;AT2

I 2980 51(] (.ONT INU[2990 (I00 P_"_I =PI,A5[ * ( VCHf]P* I-AlUM) + ( I FLI?_ _ 2 } *h_F I ( FECF'I" [ 000 e )
]00(1 [F(IM(,F,(_T,_O) (.,OTO _125

{_ ]f110 IA_TI I '_193 )-":-OAR( I '_I q'_ )+PM*DTP/")600.

= i _.('120 3AN ( 3 _ l '_3 ) =OAR ( 3, I '4] ) + I't._ [ *I)TP/"_600. !

j .:

')

,1
.} 3_72
',,L

)! -

"' i: ........ ................ _ _ : : .... ._ ,_ ...... .... :_: _-_ . : :::: _ ±_ :__t :_ ,._ :v-;,O:_: :i_I.......... : , --J_ ....
_ ' _" :, L, U " IIi .....
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GENERAL 0 ELECTRIC

3030 ;F( II_(| ,,t:tJ.O)GO 10 R'3(_
._11_O R2b ',_AR ( ; ,,,Lq _ ) =OAR ( 2 q,| 93) mDTP/ _APO,,

_,(160 _%() _'_C)T()= VCHt)Pe ] ANM �wFLI)
_F)70 _P[ S= (KA 	8l ARMe'm2

3ORO _/i_bT=R 3Te ! ARF4_ 2 _JU%_3(190 _['_AT2=[ HAT2tVLtA_F

31OO wAHATZ=AtlAT2_ I F_ASI ,, _-_ ..

._l LO dl-)ttAT 2 =P|_AT2,_PHASL _")__, ";::l' 4 ,t.

"_L20 vVIARM= iARM* I_ASE '__ ,_,_--a_,p
J 130 aF LUX=I" LUX*FHASI-.
_ L40 WWFL{)= V,FLO_ PI:IASF
3 150 _WD(',= _I_GePHAbL
3 l _O _VwFL =V_:FL*PBASE
3170 WWCrIOP=WCHOP_PHASE
3 t 80 W_VRF _,: _ E S*PBASE
3 Lgo _qWCL =W(.LePBAbE
3 I9I ,VML)T=Et_AT2_ IARMePRASF PBASF

33.92 [M=PN_ LO00./WMOT
3193 EMT:PV* IO00/_P_AT2
3|9_ WP_4=PM_ [000.
3200C COqPtJTE THE ELECTRICAL LOSSES
32L0 FACTOR : PBASE*DTI3.6FA

3220 ENCL =ENC L _NCLi'_F ACTOR
32 _0 E.NF=EI_I" +WFL_FACTOR
3240 ENaDG= LkWD6*WDG*F ACTOR
3250 FNSL=F_SL ACTOR
3260 ENCHOP=F.NCHOP ACTOR
3270 ENFLD=_(',FLD_,WFLD_FACTOR
3280 ENRES:k/_RES FACTOR
3290 ENR 5T :I:.r,,RST �WR5T _F ACTOR

3300 EOUT=F UUT+PMECH_FACTOR
3310 El N=L Ir, _,EL_AT2_FACTOR

3320 [=IPCU:I- I PCU PIC

3330 E IMOTO=E IMOTO �|Ä�l�O_'FACTOR
3340 999 RPSAVE:KPM

3350 RETU_'I
3360 END
3370C
3380 5LIBROUIINE FIELD(FLUX,.ATARM,FTURN..FLDI,_FCMAX,,VPHI_VAT_CtIS_FB5)
3390 *

3400 * PURPOSE

3_'203410** TO FI_D FIELD CURRFNT FOR bIVE_, /_RMATURE CURRENT AND FLUX
3430 DIMENSION VPHI(|)._VAT(||
3_.40 LOblCAL NEG

34'50 DATA TDL /_0(35/ , NITER 120/

3470 _ILD=h,,O
3480 FLX:FLUX*FHS
3_90 ATAM"A IARM*CB5
3500 FFCMAX:FCMAX_CH5
35|0 NE_: .FALSE.
3520 DF ILD--FILD
3530 NSW=O
3540 10 t)O 50 IT=I,NITER

3550 ATFLD=FILD*FIURN

3560 PH|L=e66671PH_ (ATFLD,VPHI,,VAT) *(PH|((ATFLD _VPHi_,VAI)
3570 6, �PHI((ATI'LD=ATAM)*VPHI,VAT))

3580 IF (NSW ,,EO,, O) GO TO 20

3=73

f'I:.--
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GENERAL_ ELECTRIC

_lgO IF (IA_ oLTo 0,) C,O TO 2_(I
4200 P_L:eSE-O6*F*(V_I P)**.'
421(I PR_:,bLo(/_mF *(vt_l*,42*l_R)**?
42_0 PO 1: I AmTAU_. I . 25F -()6*F* (VL_T* | P*._b" I P_ ) * IO**TAU
4230 PO3=O,
4_40 PD3:IA*I*3_*(I,-TAU)
4250 PDA=(_o
_260 GO TO 500
_270 200 PNI=eSE-OoIF*(VI_T mIHR)**/
4880 PR3:eSE-O_*F*[VI_T+o42*IP)**2
4290 PUl:O.
4300 PU3:2o*IA*(I,-IAU)*2.SE-(16*F*(VHT*IP*,42*lP2)+IO,*(l*-TAU)
43L0 PD3:O,
_320 PDA:IA*L.2b*IAU
4330 500 PH2:PRI
_340 PRb:PR4
4350 PRb:PH4
4360 PQ2=P_I
4370 WCHOP=PR7 R2 4o P(_2*P(]3+PD3q
4380 WCHOP:WCHOP/¿VBASEI*A_tASEI)
4390 GO TO lO00
_400C USE SIMP, bR FORMULA IF [CHOP=2
4410 600 CCP=50,/[VUASLI*ABASEI)
4420 HCP:I.4/VBASEL

4430 ACP:O,OI_AHASEI/VgAS[I4440 _CHOP:ACP*(IARM)*e2+HCP*IARM_CCP
4450 I000 RETURN

4460 END_470 SUBROUTINE CORLOb(WCLL,FLUX,Ft_ASFI,VPHI,VWCL_P_ASFI)
4480 DIMENSION VWCL(L),VPHI([)
4490 FLX:FLUX*FBASE!
4500 IF(FLX.LI.VPHI(B))GO TO lO
4510 WCLL:VWLLIS)/PBASEI
4520 GO TO 9g9

4530 I0 DO 851 1=I,9
45,0 J:l
4550 RSl IF(FLX.LE.VPHI(J+I)) bOTO R52
4560 852 DWCL:VWCL(J CL(J)
4570 DPHI=VPHI(J J)
4580 WCLI=VWCL(J) HI(J))*DWCL/DPHI
4590 990 NCLL:_CLI/PBASEI
4600 q99 RETURN

4610 END

3=.75
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